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TEMPERATURE PLOTTER III 
HOW TO USE THIS MANUAL 


¢ If this is the first time you are using TEMPERATURE PLOTTER III: 


Read "A Quick Look at TEMPERATURE PLOTTER III" in the User's Manual. Refer to the other 
portions of the manual if you want to learn about other features of the program or if you have 
questions. 


¢ If you have a particular question about program operation: 
Refer to "A Detailed Explanation of Each Mode" in the User's Manual. 


¢ If you are experienced with earlier versions of TEMPERATURE PLOTTER: 


Read Appendix A, "New Features of TEMPERATURE PLOTTER III." Read "A Quick Look at 
TEMPERATURE PLOTTER III" in the User's Manual. Refer to the appropriate section of "A 
Detailed Explanation of Each Mode" in the User's Manual if you have questions as you try out the 
new features. 


¢ If you want suggestions on how to use this program in science classes: 
Refer to "Suggestions for Experiments and Demonstrations" in the Teacher's Guide. 


¢ If you want to learn about how the temperature sensor hardware works: 
Read the Temperature Sensor Hardware section. 


¢ If you want to build your own temperature probe system: 
Refer to the How To Build a Temperature Probe System section for step-by-step instructions. 


¢ If you want information to help you modify the program: 
Study the Program Design Notes, particularly the "Modifications" section. 


¢ If you are using a PASCO scientific Four Surface Radiation Absorber: 


Read "A Quick Look at TEMPERATURE PLOTTER III" in the User’s Manual. Refer to the other 
portions of the manual if you want to learn about other features of the program or if you have 
questions. Refer to PASCO scientific's "Instruction Manual and Experiment Guide for the PASCO 
scientific Model TD-8560 Four Surface Radiation Absorber" for specific experiments using the 
Radiation Absorber and TEMPERATURE PLOTTER III. 


TEMPERATURE PLOTTER II is a copyrighted program by Vernier Software. The program disk 
does not use any copy protection, and backup copies may be made using standard procedures. 
Purchasers of TEMPERATURE PLOTTER III are permitted to make as many copies of the program 
as they wish for use within their own high school or college department. Making copies for any other 
purpose is prohibited. 


TEMPERATURE PLOTTER III is supplied on a 5.25 inch disk. If you would like to have 
TEMPERATURE PLOTTER III on a 3.5 inch disk, simply send us your original disk (with our logo 
label) and we will exchange it for a 3.5 inch disk. There is no charge for this exchange. 


This manual is copyrighted 1988 by Vernier Software. 


Apple, Applesoft, AppleWorks, Apple II Plus, Apple IIe, Apple IIc, Apple IIGS, Imagewriter, and 
Imagewrniter II are registered trademarks of Apple Computer Inc. 


APPLE COMPUTER INC. MAKES NO WARRANTIES, EITHER EXPRESS OR IMPLIED, 
REGARDING THE ENCLOSED COMPUTER SOFTWARE PACKAGE, ITS 
MERCHANTABILITY OR ITS FITNESS FOR ANY PARTICULAR PURPOSE. THE 
EXCLUSION OF IMPLIED WARRANTIES IS NOT PERMITTED BY SOME STATES. THE 
ABOVE EXCLUSION MAY NOT APPLY TO YOU. THIS WARRANTY PROVIDES YOU WITH 
SPECIFIC LEGAL RIGHTS. THERE MAY BE OTHER RIGHTS THAT YOU MAY HAVE 
WHICH VARY FROM STATE TO STATE. 


ProDOS 8 and IM.HIRES.1C00.0 are copyrighted programs of Apple Computer, Inc., licensed to 
Vernier Software to distribute for use only in combination with TEMPERATURE PLOTTER II. 
Apple software shall not be copied onto another disk (except for archive purposes) or into memory 
unless as part of the execution of TEMPERATURE PLOTTER III. When TEMPERATURE 
PLOTTER III has completed execution Apple software shall not be used by any other program. 


Grappler is a registered trademark of Orange Micro Inc. 
PKASO/U is a registered trademark of Daisi Electronics Inc. 


Vernier Software 
2920 S.W. 89th Street 
Portland, Oregon 97225 
(503) 297-5317 
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USER'S MANUAL 


A Quick Look at TEMPERATURE PLOTTER III 
GENERAL DESCRIPTION OF THE PROGRAM 


This program allows you to use the Apple® II computer to monitor temperatures. It is designed for 
use with several different types of temperature sensors, all of which connect to the game port of the 
Apple. These sensors include the Vernier Software AD590 Temperature System, the PASCO 
scientific Four Surface Radiation Absorber, and thermistor probes.! As many as four temperatures 
may be monitored at one time (only two on an Apple IIc or IIc Plus). The computer can display the 
temperatures continuously and store the temperature vs. time data in a table for later use. Data tables 
may be edited, printed, or saved on a disk. The program can also plot a graph of the temperature vs. 
time data in high-resolution graphics with many style options. The probes to be used or the 
temperature units may be changed at any time. The temperature probes may also be recalibrated if 
necessary. 


TEMPERATURE PLOTTER III uses the ProDOS 8 operating system. It requires a 64K (or more) 
Apple II Plus, Apple Ie, Apple IGS, or Apple IIc or Apple IIc Plus.2 


CONNECTING THE TEMPERATURE SENSORS TO THE COMPUTER 
1. Turn off the computer. 


2. Connect the temperature sensors to the Apple game port socket. Your temperature sensors will 
have one of two possible cables attached to it: 


¢ If the cable has a 16-pin plug on it, you should plug it into the game port connector inside your 
Apple I Plus, Ie, or Apple IGS. This type of connector will not work with an Apple Ic or IIc 
Plus. Be careful to position pin #1 of the plug (marked with a dot) into pin #1 of the computer's 
socket (it is marked with a number or a notch). Also, be careful to avoid bending the pins on the 
16-pin plug. 


¢ If the cable from the temperature sensors has a 9-pin plug on it, it should be plugged into the 
connector on the back (outside) of an Apple Ile, IIGS, IIc, or Ic Plus. This type of connector 
will not work on an Apple II Plus. 


If you are using temperature probes, keep the following in mind: 


¢ Handle the temperature probe gently. The seal around the transducer may be loosened and will 
allow liquids to leak into the probe if the probe is abused. If liquids get inside the probe, the 
temperature readings will be inaccurate. 


¢ Do not use the probes at temperatures that are outside the range specified by the manufacturer. 
For the Vernier Software AD590 temperature probe systems, the temperature range is -55 to 150 
degrees Celsius. 


¢ Be careful when using chemicals that may damage the probe. 


1See the Temperature Sensor Hardware section of this manual for more information on the temperature sensor hardware. 
2If you use TEMPERATURE PLOTTER III with an Apple IIGS or Apple IIc Plus, the program will automatically 
adjust the "system speed" so that the program runs on the FAST speed except at portions where it is necessary for it to 
run at the NORMAL speed. 
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LOADING THE PROGRAM 


Start the program by placing the disk in the disk drive and turning on the computer. The program can 
also be started by typing "PREFIX/TP" (then press the <RETURN?> key) and then typing "RUN 
STARTUP" (then press <RETURN?>). 


You should leave the TEMPERATURE PLOTTER III disk in the disk drive when using this 
program. Occasionally new parts of the program need to be read in from the disk. Also, all 
calibration files must be saved on the TEMPERATURE PLOTTER III disk. 


USING THE PROGRAM 


This section gives an overview of how to ure TEMPERATURE PLOTTER III to calibrate your 
probes, measure temperatures, graph temperature vs. time, and save the data on a disk. We 
encourage you to try out the program as you go through this section. This section does not explain 
(or even mention) all of the options and features of TEMPERATURE PLOTTER III. After you have 
become familiar with the procedures discussed here, you may want to try some of the other features 
that are discussed in "A Detailed Explanation of Each Mode" section of this manual. 


When the program is run, you will be asked to specify the type of temperature probes being used. 
The choices are: 


V - VERNIER TEMPERATURE SYSTEM 
T - THERMISTOR -PROBES 
P —- PASCO RADIATION ABSORBER 


The VERNIER TEMPERATURE SYSTEM is the AD590 system that will be commonly used with 
this program. It is available from Vernier Software in a 4-probe or a 2-probe form (assembled or 
parts kit). This hardware is described in detail later in the Temperature Sensor Hardware section. 


Next, several important files are loaded into memory, data on the calibration file is briefly displayed, 
and the Main Menu is presented: 


TEMPERATURE PLOTTER III 
VERNIER SOFTWARE 
COPYRIGHT 1988 


PROBES : VERNIER ACTIVE: ABCD 


MONITOR TEMPERATURES 
DISPLAY/PRINT DATA TABLE 
DELETE DATA 

FILE OPTIONS 

- PLOT GRAPH 

GRAPH IN REAL TIME 

- STRIP CHART RECORDER 

- CALIBRATION 

- OTHER OPTIONS 

- QUIT 


OONNnNDWUVAOH KR 
l 


This menu is a list of possible modes of operation. It is typical of one type of menu used in this 
program. One of the choices is initially highlighted. This is referred to as the preset selection. You 
can make a selection from a menu in either of two ways: 


MPERA RE PLOTTER JI SER'S MANUAL 


(1) Type the letter at the left of the menu item and then press <RETURN>. 
or 


(2) Use the arrow keys to move through the selections until the one you want is highlighted, and 
then press <RETURN>. Either the <1> or <> key can be used to move down through the 


selections and either the <T> or <¢-> key can be used to move up through the selections. The . 
menu "wraps around," so that you can go "down" from the bottom back up to the top. 


Throughout the program you will see other menus from which a selection is made in the same way. 


You will see the Main Menu often as you use TEMPERATURE PLOTTER III. You select the mode 


you wish to use and the program will then lead you through the operation and eventually return to the 
Main Menu. 


Near the top of the Main Menu, there is a line describing the type of temperature probes being used 
and listing the active probes. Generally, you will want to have all of your probes active. If you have 
a 4-probe system, the program is ready to go when you first receive it. If you have a 2-probe system, 
only probes A and B should be active. You need to change the active probe status by turning off 
probes C and D. For instructions on how to do this, refer to the SELECT PROBES option section 
under OTHER OPTIONS. | 


The first time you use TEMPERATURE PLOTTER III you should calibrate your temperature probes. 
To Calibrate the Temperature Probes: 


To calibrate the temperature probes so that they will read accurate temperatures on your computer, 
select mode Z - CALIBRATION from the Main Menu. Then select Z - CALIBRATE THE ACTIVE 
PROBES from the Calibration Menu. The next few steps are slightly different depending on which 
type of temperature probe system you are using: 


Using Vernier Software AD590 temperature probes: 

Place the probes and a Celsius thermometer in a water bath that has a temperature about as low as 
you expect to be measuring during your experiments. After a few minutes, press the 
<RETURN?> key and then enter the actual water temperature (°C) as measured by the ther- 
mometer. Now move the probes and the thermometer to a container of warm water and repeat this 
procedure. 


Using thermistor temperature probes: 
The procedure is the same as when using an AD590 temperature probe system, except three 
containers of water at different temperatures should be used instead of two. The three tem- 


peratures should be chosen to be approximately evenly spaced over the temperature range to be 
studied. 


Using a PASCO Four Surface Radiation Absorber: 

Calibration using the PASCO Radiation Absorber is the simplest of all. Place the PASCO 
Radiation Absorber in a room where no bright light is shining on it. Measure the air temperature 
(°C) near the Radiation Absorber. Press <RETURN?> and enter the actual temperature of the air as 
measured by the thermometer. 


When you finish this procedure you will be asked if you want to save the new calibration on the disk. 
When you choose to save the calibration on the disk, you will be asked to select a name for the new 
calibration file. Use a name no longer than nine letters. Calibration files are always saved on the 
TEMPERATURE PLOTTER III disk. You will also be asked if you want this calibration to be used 
automatically each time you start up the program. If you select "YES", this calibration will be used all 
of the time except when you specifically request a different calibration to be used. Several options 
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about the program, including active probes, temperature units, type of clock, and printer slot are 
saved with the calibration file. This means that they will be set as you want them the next time you 
use the program. 


JNOTES ON ENTERING INFORMATION: During calibration and throughout the 
program, you will be asked to enter information. You enter something by typing it and then 
pressing the <RETURN> key. A preset entry may be displayed. This entry is usually the 
most reasonable or likely choice. If you simply press <RETURN3>, the preset entry will be 
entered. If you wish to enter something different, type in the correct entry. 


KEY ACTION 


<> deletes character to the left of the cursor 


<> moves cursor right | 
<DELETE> deletes character to the left of the cursor (not on an Apple II Plus) 
<CONTROL><D> _ deletes character to the left of the cursor 
<CONTROL><X> _ deletes all characters (start over from scratch) 
<CONTROL><Z> __ restores the preset entry (start over from the preset) 
<ESC> exits what you are doing and returns to the previous menu (escape) 


These editing keystrokes are similar to those used by AppleWorks and many other Apple 
computer programs. To use one of the "control" commands, hold the <CONTROL> key at 
the same time that you press the other (letter) key. For example, if you want to completely 
erase the preset entry and type in something else, hold down the <CONTROL> key and then 
press the <X> key. The number of characters allowed is limited in some cases, and if you try 
to enter too many characters, the computer will beep. When you have the entry the way you 
want it, press <RETURN>. Pressing the <ESC> key will cause the program to return to the 
previous menu. These edit commands can be used throughout this program whenever you are 
asked to "enter" information into the computer. 


To Read the Temperatures: 


There are actually several different ways to read the temperatures of the probes. We will describe the 
simplest method here -- M - MONITOR TEMPERATURES. Other methods will be described later in 
the manual. 


Select mode M from the Main Menu. When you make this selection, another menu will appear: 
SELECT OPTIONS: 


OFF S - STORE DATA IN MEMORY 
OFF L - LARGE PRINT DISPLAY 
OFF A - TEMPERATURE RANGE ALARMS 


This menu lists three optional features that you can use as the temperatures are monitored. It works a 
little differently than the Main Menu. This type of menu is called an ON/OFF menu. It allows you to 
turn on or off any of the options independently. All three options are initially off. To turn one of the 
options on, first move to it by using the arrow keys or by typing the letter identifying the option. 
Then press the <SPACE BAR>. When you do, the "OFF" changes to "ON" showing that this option 
is now on. If you press the <SPACE BAR> again, the option will be turned "OFF" again. You can 
move to other options and turn them on or off as you wish. When you have everything set as you 
want it, press <RETURN>. 


If you chose to STORE DATA IN MEMORY, you will be asked to enter the following: 


1. The length of time for the temperatures to be monitored. Times are entered in the HH:MM:SS 
format, for example, 1:30:00 is 1 hour and 30 minutes, 1:20 is 1 minute and 20 seconds. 


6 


. } SER'S MANUAL 


| a 
es 
e 
| 
@- 
Md 
Ld 
> 


When the program first begins, the preset value is 8:00 (8 minutes). This preset value is the 
amount of time it takes to fill the memory (480 readings) if temperatures are stored every 
second. 

2. The number of temperature readings to be stored in memory. The largest possible number is 
the preset value. In most cases, you should accept this preset value. Later, as you are taking 
temperature measurements, you can always exit the MONITOR TEMPERATURES mode early 
by pressing the <RETURN?> key. 


If you selected the TEMPERATURE RANGE ALARMS option, you will be asked to enter 
the temperature limits at which the alarm will sound. When a temperature goes above the high limit, 
the bell will ring twice. When a temperature goes below the low limit, the bell will ring once. 


The program now begins monitoring the temperatures and displaying the results. The display will 
look similar to this: 


# TIME TEMP (DEG. C) A 
HH:MM:SS A B C D 
1 00 20.0 20.7 
02 20.1 20.8 
04 20.2 20.7 
2 06 20.1 20.6 
08 20.1 20.5 
10 20.2 20.8 
3 12 20.1 20.8 
14 20.1 20.7 


A number in the column under the "#" indicates that the row of data was stored in memory. The 
temperature monitoring cycle can be interrupted at any time by pressing <RETURN>. 


If you selected the LARGE PRINT DISPLAY option, the data will be displayed in digits 
about 1/4 of the height of the screen. This option is useful when doing a temperature experiment for a 
whole classroom. 


There are two other methods of reading temperatures with TEMPERATURE PLOTTER III. If you 
select mode R - GRAPH IN REAL TIME from the Main Menu, you can create a blank graph on the 
video monitor and have the temperature readings plotted on the graph as they are read. If you select 
S - STRIP CHART RECORDER from the Main Menu, you can turn your printer into a chart. 
recorder. Data can be collected in memory as a paper record of the readings is made. 


To Display (or Print) the Data Table: 


After you have collected some temperature data, you can display it on the monitor or print it on a 
printer using mode T - DISPLAY/PRINT DATA TABLE. 


To Plot a Graph of the Data: 


Mode P - PLOT GRAPH is used to create a graph of the temperature data. You will have several 
choices to make about the appearance of the graph. First, the Graph Style Options Menu is presented. 
The options available are: 


POINT PROTECTORS (small squares, triangles, etc., that make the data points more visible) 
ERROR BARS (marks that indicate the uncertainty of the data) 

GRID ON THE GRAPH (a pattern of background dots on the graph) 

LINE CONNECTING POINTS (straight line segments from point to point) 

BAR GRAPH (bars extending from the bottom of the graph to each data point) 
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LEGEND ON GRAPH (text indicating which shape of point protector goes with each probe) 
SPECIFY GRAPH TITLE (change the title to be displayed at the top of the graph) 
SELECTED PROBES ONLY (allows you to specify certain probes that are to be graphed) 


An ON/OFF menu is used to select graph style. Any number of options can be turned on at one time. 
To turn on an option, move to it and press the <SPACE BAR>. When you have the graph style set as 
you want it, press <RETURN>. Do not try too many options at one time because the graph will 
become cluttered. If you choose ERROR BARS or BAR GRAPH as style options, you will have to 
make further choices on the size of the bars. 


Next you need to decide how the two axes of the graph are to be scaled. The following choices will 
be offered for each axis: 


A - AUTOMATIC SCALING, STARTING AT 0 
B - AUTOMATIC SCALING, VARIABLE ORIGIN 
C - MANUAL SCALING 


In most cases, you should let the computer do the 
work for you and take the preset choice, 
B- AUTOMATIC SCALING, VARIABLE 
ORIGIN. If you want to force the axis to start 


with zero, choose A. The third option, C - sz 
MANUAL SCALING, allows you to make the 
decisions. : 


The graph will now be drawn and displayed on the 
monitor. Press <RETURN> when you have 
finished viewing the graph. This sample graph _ ee:se 7 oF 08 182. 
uses point protectors and a point-to-point line. 


The Graph Follow-Up Options Menu will now be displayed. The options available are: 


DISPLAY PREVIOUS GRAPH (look at the last graph again) 

REGRAPH - SAME SCALE (change the style of the graph only) 

CHANGE SCALE AND REGRAPH (change the scaling and the style) 

PRINT GRAPH (note that this requires the proper hardware) 

SAVE GRAPH IMAGE (save the graph image as a file for later use by another program) 
RETURN TO MAIN MENU (leave the graphing mode) 


Saving a Data Table on the Disk: 


After you have collected some temperature data, you may want to save it on a disk for later use. To 
do this, return to the Main Menu and select mode F - FILE OPTIONS. You will be presented with a - 
new list of options, all having to do with files. There is not much room on the TEMPERATURE 
PLOTTER III disk, so first you should place another formatted ProDOS disk in a disk drive and 
choose the A - SELECT DATA DISK option. This option will list the names of all disks connected to 
the computer. Choose the disk on which you want to save data. Now select S - SAVE DATA ON 
DISK. Enter a name for the file to be created on the disk. The filename must start with a letter and 
contain only letters, numbers or periods. It cannot be longer than 15 characters, and it cannot contain 
spaces or hyphens. After you enter the filename, you will have to select the "file type." Select 
NORMAL and the data will be saved on the data disk. This same data disk will be used for all save 
and load operations unless you specify a different disk. 
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Other Features of TEMPERATURE PLOTTER III: 


There are many other features of TEMPERATURE PLOTTER II that have not been mentioned in this 
quick overview. All of these features are explained in the sections below. The chart below lists some 
of these other operations and the mode of the program in which they are contained: 


OPERATION MODE 

Delete temperature data D - DELETE DATA 
Change temperature units O - OTHER OPTIONS 
Turn on or off temperature probes O - OTHER OPTIONS 
Activate a clock built into your computer O - OTHER OPTIONS 
Use actual "time of day" times rather than relative tmes O- OTHER OPTIONS 
Specify the slot to which your printer is connected O - OTHER OPTIONS 
Load a data file that was saved on disk F - FILE OPTIONS 
Look at a list of all data files on the disk F - FILE OPTIONS 
Store or load a file on a different disk drive F - FILE OPTIONS 
Delete a data file from a disk F - FILE OPTIONS 
Change the ProDOS 8 prefix F - FILE OPTIONS 
Display the count reading from each probe Z - CALIBRATION 
Check, change, save or load a calibration file Z - CALIBRATION 
Create a new ProDOS subdirectory F - FILE OPTIONS 
Save temperature data for transfer to AppleWorks F - FILE OPTIONS 
Use the alarms to turn on electrical devices M - MONITOR TEMPERATURES 


A Detailed Explanation of Each Mode 
M - MONITOR TEMPERATURES 


This is the most frequently used mode. It is used to display the temperature readings on the screen 
and it can save the temperature vs. time data in the computer's memory. It also has alarms which can 
be set to go off when the temperatures reach certain limits. 


When you select this mode, another menu will appear: 


SELECT OPTIONS: 


OFF S - STORE DATA IN MEMORY 
OFF L —- LARGE PRINT DISPLAY 
OFF A - TEMPERATURE RANGE ALARMS 


You can activate any of these options by using the arrow keys to highlight a line and then pressing the 
<SPACE BAR> to switch the "OFF" to "ON", or vice versa. 


If you do not choose to store data in memory or use alarms, the program will immediately begin 
displaying the temperatures. Each temperature reading takes approximately one second, so if you 
have only one active probe, you will get data for that probe each second. If you have two active 
probes, the program will take two seconds to read both probes and the results will then be displayed 
on the screen. This temperature monitoring cycle can be interrupted by pressing <RETURN>. 


If you chose to store the data in memory, you will be asked to make two additional entries 
before data collection begins. Your first choice is: 


LENGTH OF TIME OVER WHICH TEMPERATURES 
ARE TO BE MONITORED: 00:08:00 
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The time should be entered in the D/HH:MM:SS format. Examples of possible entries: 


ENTRY TIME 

00:00:05 5 seconds 

5:30 5 minutes and 30 seconds 
1:30:00 1 hour and 30 minutes 
2/00:00:00 2 days 


When the program is first started, the preset value for the time duration is 8 minutes. This is the time 
it takes to completely fill the memory with data (480 readings) if one reading is taken per second. The 
time can be as short as a few seconds or as long as several weeks. 


The second choice is: 


NUMBER OF READINGS TO BE STORED OVER 
THIS TIME PERIOD: 120 


With this option you can control the number of temperature readings stored in memory. The 
computer will still constantly update its readings, but it will only store the readings as necessary. The 
maximum number of readings that can be stored by all probes combined is 480; therefore, if 4 probes 
are active, each probe can store a maximum of 120 (480 / 4) readings. In most cases you can simply 
press <RETURN?> and take the maximum. When the computer has stored the number of readings 
you specified, it will automatically go back to the Main Menu. If you want to stop the temperature 
measurements early, simply press <RETURN?> to exit the temperature reading cycle earlier. 


When you begin monitoring the temperature and saving the data in memory, you will erase 


any previous data in memory. Be sure to save any important previous data on disk before 
collecting new data. 


If you selected A - TEMPERATURE RANGE ALARMS, you will be asked to enter the 
temperature limits at which the alarm will sound: 


SET TEMPERATURE RANGE ALARMS: 


LOW TEMPERATURE LIMIT: 0 
HIGH TEMPERATURE LIMIT: 100 


Enter the desired temperature limits as instructed. When a temperature goes above the high limit, the 
bell will ring twice. When a temperature goes below the low limit, the bell will ring once. In addition 
to making a sound on the computer's speaker, the temperature alarms also turn on the annunciator 
lines of the Apple computer's game port. With the appropriate hardware, the TEMPERATURE 


PLOTTER III program can be used to control a heater or other electrical device.3 


If you selected the large print mode, the data will be displayed in digits about 1/4 of the height 
of the screen. Temperature readings from each active probe will be displayed with the "A" probe 
value near the top of the screen and the others in order down the screen. The temperature units are 
also displayed. At the bottom of the screen the last two data lines taken will be displayed in the 
standard size text format. 


3When the high temperature alarm is sounded, the ANO annunciator line of the Apple's 16-pin game port is raised to a 
high (+5V) level. When the low temperature alarm is sounded, the AN] line is raised to the high level. All four of the 
annunciator lines are low when the temperature alarms are not going off. Using a circuit such as the one described in 
the "Optically-Isolated Switches" chapter of How to Build A Better Mousetrap and Thirteen Other Science Projects 
Using the Apple® IT, you can use these lines for control. The Mousetrap book of projects is available from Vernier 
Software ($24.95). 
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If you did not select the large print format, the data will be displayed in a standard text format. The 
monitor display will look similar to this: 


# TIME TEMP (DEG. C) A 
HH:MM:SS A B C D 
1 00 20.0 19.9 20.2 20.1 
04 20.1 19.8 20.3 20.3 
2 08 20.2 19.7 20.1 20.2 
12 20.1 20.0 20.2 20.3 
3 16 20.1 19.9 20.1 20.1 
20 20.2 19.8 20.2 20.2 
4 24 20.1 19.9 20.4 20.2 


The letter in the top right corner of the screen indicates which probe is currently being checked. In 
this example a period of 28 seconds was to be studied, with 4 readings stored in memory for each 
probe. Temperature measurements are made every second, but only every other one is saved in 
memory.‘ Data that is saved in memory is marked by a number in the "#" column. This temperature 
monitoring cycle can be interrupted at any time by pressing <RETURN>. The data table can be 
displayed, printed, edited, saved, and graphed using other modes of the program. 


T - DISPLAY/PRINT DATA TABLE 


If you have stored temperature vs. time data in memory, you can examine the data by using mode T. 
You will be asked how you want the data displayed. The choices are: 


D - DISPLAY DATA TABLE ON SCREEN 
L - LARGE PRINT DATA DISPLAY 
P - PRINT DATA TABLE 


If you select option D (the preset choice), the complete data table, with line numbers, times, and 
temperature readings for all active probes, will be displayed or printed. Statistics on the data are 
displayed at the bottom of the table, including: number of data points, mean, standard deviation, 
minimum, and maximum. The first column of these statistics is for the temperature data for all active 
probes considered together. 


When a long data table is displayed on the monitor, the display stops at the bottom of the screen and 
waits for you to press one of three keys: 


<SPACE BAR> causes one more line of data to appear. By pressing <SPACE BAR> repeatedly, 
you can step through the data table at your own rate. 

<A> (for "automatic scrolling") causes the rest of the table to be displayed without stopping.° 

<ESC> causes the program to skip the display of the rest of the data table and return to the Main 
Menu. 


If you chose to print out the table, the program will print the data table as it appears on the monitor. 


Make sure the correct slot number is specified for the printer before starting the printing.© If you 
want to stop the printing of a data table you can press the <ESC> key. 


4The assumption that each temperature reading takes 1.0 seconds is only approximate. If you use large print display of 
temperatures, each reading takes quite a bit longer. If you are using the software clock this means that for accurate 
timing, you should avoid using large print display. If you are using a hardware clock, the times recorded for each 
temperature will always be accurate to the nearest second. 

SY ou can stop the automatic scrolling by pressing the <SPACE BAR>. 

6If you need to change the printer slot number, escape from this mode and use option P in OTHER OPTIONS. 
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The LARGE PRINT DATA DISPLAY option displays the temperature data in digits about one fourth 
the size of the monitor. No statistics will be displayed. Use the arrow keys to move through the 
table, row by row. 


D - DELETE DATA 


This option allows you to delete line(s) of data readings taken by the program. You may delete one 
line or many lines. The following patterns may be used to enter line numbers to delete. 


To Select Enter 
a single line the line number 
all lines from A to B (inclusive) A-B 
all lines from #1 to line B -B 


all lines after line B (inclusive) B- 
In these examples, A and B can be any line number in the data table. 


Note that when you delete a line of temperatures from the middle of the table, all of the lines of data 
below it are moved up and renumbered. This can lead to confusion. Before using the DELETE 
DATA function a second time, you should look at the data table again to make sure you are deleting 
the correct lines of data. 


F - FILE OPTIONS 


This mode handles all operations involving data storage: 


- CATALOG 

- SELECT DATA DISK 

- SET NEW PRODOS PREFIX 
LOAD DATA FROM DISK 

- SAVE DATA ON DISK 

- SAVE (SELECTED PROBES) 
- DELETE FILE 

- CREATE SUBDIRECTORY 


Each of the File Options is explained below: 


Downer sera 
| 


C - CATALOG 

Displays a catalog of the volume set by the current ProDOS prefix. The files are displayed one page 
at atime. At the end of each page, you can press <RETURN3>, and the catalog will scroll up one 
more page. At the end of the catalog, the number of blocks free and the number of blocks used will 
be displayed. 


A - SELECT DATA DISK 
This option allows you to select the disk that you want used for your data storage. A screen similar to 
the following is displayed: 


SELECT DATA DISK: 


SLOT DRIVE PREFIX 
A - 6 1 /TP 
B - 6 2 /DATA 


All of the active disks will be displayed. If there is more than one active disk, you can select the data 
disk by using the arrow keys or typing the corresponding keys to move the cursor. When the disk 
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you want to use as a data disk is highlighted, press <RETURN>. This option provides an easy way 
to tell the program to store and retrieve data from a disk other than the TEMPERATURE PLOTTER 
III disk. 


N - SET NEW PRODOS PREFIX 
Allows you to change the PREFIX to a different volume or set a partial pathname. You can use 
standard ProDOS rules on selecting the prefix; for example, if the prefix is presently "/TP3" then: 


Entering: Sets the prefix to: 

SAMPLE /TP3/SAMPLE 

/DATA /DATA 

/DATA/PERIOD.3 /DATA/PERIOD.3 

,D2 the volume name of the disk in drive #2 
9 ),D2 the volume of the disk in slot 5, drive 2 


L - LOAD DATA FROM DISK 

This mode 1s used to recall a data table that was previously saved on a disk. Loading a new data file 
will erase any data currently in memory. Before you load new data, be sure to save any data currently 
being used on a disk if you plan to use it again later. Also, before using this option, make sure that 
the "current prefix" at the top of the File Options Menu is the one containing the data file you want to 
load. When you select L - LOAD DATA FROM DISK, a list of all the text files on the current prefix 
will be displayed with a number next to the file name. You will be asked to enter the number 
corresponding to the file you want to load. When you enter the number, the program will then load 
the file into memory.’ Only data files saved in the "NORMAL" format by TEMPERATURE 
PLOTTER III can be loaded. File formats are discussed in the SAVE DATA ON DISK section 
below. 


S - SAVE DATA ON DISK 

When you have collected a table of data that you may want to use later, you should select this option. 
The current ProDOS prefix is displayed at the top of the screen. Follow the ProDOS filename rules 
listed below. Also, be sure to use a unique file name (one that has not already been used for a file on 
the disk).8 Type in the name and press <RETURN>. 


A quick summary of ProDOS filename rules: 


¢ A filename must begin with a letter. 

e A filename may include only letters, numbers, and periods (no spaces or hyphens). 

¢ A filename may have no more than 15 characters. 

e All ProDOS filenames use upper case letters. If you enter a filename in lower case letters, it 
will automatically be converted to upper case by ProDOS. 

¢ If you enter a name starting with anything other than a "/", the name you enter is added onto 
the current prefix to form the complete pathname. 

¢ If you enter a name starting with a "/", that ent 


itself is taken as the complete pathname. 


After you enter a name, the program will ask you in which of two possible data formats you want the 
data to be stored: 


N - NORMAL 
D - DIF (FOR TRANSFER TO APPLEWORKS ) 


7It may take a minute or so for a data file to be loaded into memory if it contains many temperature readings. The disk 
drive "IN USE" light may go off and on several times. 

8 Actually you can use a filename that has already been used; however, this will cause the new data to overwrite the old 
data. 
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The data is stored on disk in different arrangements in the two file types. Unless you plan to transfer 
the data to AppleWorks, the NORMAL file type should be selected. Files saved in this way can later 
be reloaded into TEMPERATURE PLOTTER II. This type of file can also be loaded into the Vernier 
Software program GRAPHICAL ANALYSIS I. 


Selecting the DIF file type will create a file that can be loaded in by the AppleWorks spreadsheet 
program. This may be useful in several ways: 


¢ Data collected with TEMPERATURE PLOTTER III can be transferred to an AppleWorks 
spreadsheet for further analysis. 

¢ Data collected with TEMPERATURE PLOTTER III can be transferred to AppleWorks for inclusion 
in a word processing document such as a laboratory report. 

¢ AppleWorks can handle much more data than TEMPERATURE PLOTTER III. Many sets of data 
can be transferred to AppleWorks for comparison. For example, if several student groups do the 
same lab, each group can collect their data using TEMPERATURE PLOTTER III. The teacher can 
combine all of the groups in AppleWorks to do a comparison or a statistical summary. 


The procedure for saving data collected by TEMPERATURE PLOTTER III to an AppleWorks 
spreadsheet file is: 


From the Main Menu, select "1. Add files to the desktop”. 

From the Add Files menu, select "5. Spreadsheet". 

From the Spreadsheet menu, select "2. From a DIF (TM) file". 

Enter the complete DIF file pathname (starting with a "/"). You cannot just enter the last part of 

the name and assume that the prefix will be added as usual. | 

10. When asked to "Type a name for this new file:" enter aname. This is the name that AppleWorks 
will use to identify the file on the desktop. 

11. The data will appear on the spreadsheet in the same format as it appeared in a TEMPERATURE 

PLOTTER III data table. Different series of data will be identified. 


1. With the data in memory, select mode F - FILE OPTIONS of TEMPERATURE PLOTTER III. 

2. Select the S - SAVE file option. 

3. Enter the name for the file. We recommend using the suffix ".DIF" on all DIF files so that you 
can identify them later. 

4. Select the DIF file type. 

5. Run the AppleWorks program. 

6. 

7. 

8. 

9. 


To transfer TEMPERATURE PLOTTER III data to an AppleWorks database, follow the procedure 
above, except in step 7 select "4. Data Base". 


To transfer TEMPERATURE PLOTTER III data to an AppleWorks Word Processor document, first 
load the data as a spreadsheet as described above. Convert the data to the Word Processor using 
procedures described in the AppleWorks manuals. 


A DIF file cannot be loaded back into memory by TEMPERATURE PLOTTER II. 


P - SAVE (SELECTED PROBES) 

This option allows you to save the data collected by only selected probes. An ON/OFF menu of the 
active probes will be displayed. You may choose to save the data from as many probes as you wish 
by moving through the probes and pressing the <SPACE BAR> to turn them on or off. 


D - DELETE FILE 


This option allows you to remove files to make room for new data. Be careful using this option; you 
could accidentally delete an important data file. 
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R - CREATE SUBDIRECTORY 
This option allows you to create a ProDOS subdirectory file. Data files can later be stored in this 


subdirectory. This helps you keep your data files organized.? A legal ProDOS filename must be 
selected for the subdirectory name. 


P - PLOT GRAPH 


Mode P - PLOT GRAPH is used to create a graph of the temperature data. You will have several 
choices to make about the appearance of the graph. First, the Graph Style Options Menu is presented. 
The options available are: 


- POINT PROTECTORS 

- ERROR BARS 

- GRID ON THE GRAPH 

LINE CONNECTING POINTS 
- BAR GRAPH 

- LEGEND ON THE GRAPH 

- SPECIFY GRAPH TITLE 

- SELECTED PROBES ONLY 


YNHOWHrMA EU 
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The simplest graph created by TEMPERATURE PLOTTER II will consist of labeled axes, a title at 
the top of the graph and dots at each of the data points. The graph style selection gives you several 
options that you can add to this graph. An ON/OFF menu is used to select graph style. Any number 
of options can be turned on at one time. To turn on an option, move to it and press the <SPACE 
BAR>. When you have the graph style set as you want it, press <RETURN>. For example, if you 
want to add a line between the points on the graph, move to L - LINE CONNECTING POINTS 
either by using the arrow keys or by pressing <L>. Now press <SPACE BAR>. The word "OFF" 
which is to the left of the L - LINE CONNECTING POINTS selection on the menu will change to 
"ON". You can then move to other options and turn them on if you wish. To turn an option off, 
move to it and press <SPACE BAR> again. When you have the graph style set as you want it, press 
<RETURN>. 


More information about each of the graph style choices is given below, along with sample graphs: 


P - POINT PROTECTORS 

If this option is turned on, each data point will be 
surrounded by a small geometrical shape to make it more 
visible. These point protectors vary in shape, depending 
on the data series being plotted:10 


Ot, tte bate hate tag, Oph tot bata ds tects Oats Oat tats Oot tats Cotes aches tacts Oct, 


(DEO. C> 


PROBE  POINTPROTECTOR ‘ a sy cn ne CXC EN 
A Square 
B triangle 
C circle oe: 60 TIME He e158) 19:00 
D diamond 


9ProDOS allows only 51 files in a volume directory. If you plan to create a lot of data files, you may have to put them 
in subdirectories to avoid exceeding this limit on the number of files. 
101f you are using the PASCO Radiation Absorber, the point protector key is a little different: 

SURFACE POINT PROTECTOR 


black square 
white triangle 
polish circle 
matte diamond 
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Point protectors make the data points easier to see, and are especially useful if more than one data 
series is used. If you are plotting a large number of data points, you may want to turn off the point 
protectors to avoid cluttering the graph. 


E - ERROR BARS 

Both horizontal and vertical error bars can be added to 
the graph. When this option is turned on, you will be 
asked to enter a size for the horizontal error bars and a 
size for the vertical error bars. You can enter a number 
to set an absolute size (in whatever units are being used) 
for the error bars. For example, if you enter 5 for the Hy 

size of the vertical error bars, all vertical error bars will Grgrasgiaverererergigl 
extend 5 units above and below the data point. You can 
also enter the size of an error bar as a percent by typing a 
number followed by a "%" sign and then pressing 
<RETURN>. This sets the size of the error bar relative 
to the data. 


AL, 
UT 


(DEo. C) 


For example if you enter "10%" as the size of the vertical error bars, each vertical error bar will extend 
a distance that represents 10% of the vertical-axis value plotted. If you enter zero for the error bar 
size, no error bar will be drawn. In many cases, you will want to have only vertical axis error bars. 
The preset sizes for error bars are 10% for the vertical bars and 0 for the horizontal bars (no horizontal 
error bars). 


G - GRID ON THE GRAPH 

This option produces a background grid of dots on the 
graph so that it looks more like graph paper. These dots 
are spaced every 10 pixels on the monitor. If you 
activate this option, you probably will want to use point 
protectors to make the data points distinguishable from 
the grid dots. 


L - LINE CONNECTING POINTS 

This option will cause a point-to-point line to be drawn 
connecting the data points. The line will be drawn from 
point to point in the order in which the data appears in 
the data table. If more than one probe is being graphed, 
a separate line will be drawn for each probe. 


B - BAR GRAPH 

This option changes the appearance of the graph 
drastically. A bar graph of the data will be created, with 
the alternate bars shaded with different patterns. If you 
choose this option, you probably will not want any of 
the other options turned on (except perhaps the grid). 
The bar graph style is probably not useful at all if the 
data from more than one probe is graphed. If the bar 
graph option is selected you will be asked to enter the 
width of the bars on the graph. 
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The width is in pixels!! on the monitor. The width of the graph is 250 pixels. The preset bar width 
is 10 pixels. The minimum width is 2 pixels. If you have a large number of data pairs, you will want 
to use narrow bars to prevent overlapping. If you have only a few data pairs evenly spaced along the 
horizontal axis, you can use wide error bars. Try different sizes until you get the graph to look the 
way you want. !2 


O - LEGEND ON THE GRAPH 

The legend is text added to the graph indicating which 
shape of point protector goes with each probe. The 
option should be selected only when you have more than 
one probe active and are using point protectors. The 
legend is added to the bottom right hand side of the 
graph. PROBE A — SQUARE 


PROBE B - TRIANGLE 


2 ED OS 2 or 


Ot bh Ob bb be, Of Sh Of Oh OD Ob Eh Oh Oh Oh, Ot, Sate et ty 


(DEG. ¢) 


BD ey ogy 6 cae Oo 


TEoP 


T- SPECIFY GRAPH TITLE 

If this option is left off, the title of the graph will always 
be "TEMPERATURE VS. TIME." If you turn on this 
option, you can enter any title you want. The length of 
the title is limited to 40 characters. 


Of 64 Oh Ot dg, Of Oh bh Ot Ot Oty bate bate totr tots Ote tats tty Oot 
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S - SELECTED PROBES ONLY 

This option allows you to specify that only the data from 
certain probes are to be plotted. For example, even 
though all four probes were used to collect data, you 
may want to graph just probes A and D. An ON/OFF 
menu is used to determine the probes from which data 
should be graphed. 


(DEG. Cd 
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Graph Scaling: 
The next choices deal with the scale for the axes. The monitor will first display: 


SELECT HORIZONTAL AXIS SCALING: 


A - AUTOMATIC SCALING, STARTING AT 0 
B - AUTOMATIC SCALING, VARIABLE ORIGIN 
C - MANUAL SCALING 


11The term pixel is short for picture element. A pixel is the smallest dot that can be produced on the monitor. 
12The bars drawn will always extend from the bottom of the graph up to the data point. They do not necessarily start at 
the vertical axis value = 0 level. 
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These scaling options are explained below: 


A - AUTOMATIC SCALING, STARTING AT 0 

The program will analyze the data table and choose the largest scale possible for the horizontal (time) 
axis with the axis starting at zero.13 At the same time, it follows standard graphing conventions. A 
"nice, round number" will be chosen as the value of the space between tickmarks along the axis. 


B - AUTOMATIC SCALING, VARIABLE ORIGIN . 
The computer will select the scale in a similar manner, but without the restriction that the axis must 
start at zero. This selection should be used in most situations. 


C - MANUAL SCALING 

Using manual scaling, you have control over the starting point and the scale used. The monitor will 
display the largest and smallest value to be graphed. You will then be asked to enter the "minimum 
time to plot." This is the value to be used at the left end (start) of the axis. The preset answer is the 
minimum time, but any value may be entered. Next, you will be asked to enter the "maximum time to 
plot." The value entered here will be used at the major tickmark near the right side of the graph. A 
preset value is displayed. It represents the smallest possible value that will allow all of the data to fit 
on the graph and still follow standard graphing conventions. Use this preset value in most cases. If 
you want to expand the graph (possibly leaving some of the points off the graph) choose a smaller 
number. If you want to shrink the graph, choose a larger value. 


Next, the scaling method for the vertical axis is selected: 
SELECT VERTICAL AXIS SCALING: 


A - AUTOMATIC SCALING, STARTING AT 0 
B - AUTOMATIC SCALING, VARIABLE ORIGIN 
C - MANUAL SCALING 


These scaling options are similar to the choices for the horizontal axis. The preset choice when the 
program begins is "A" scaling, which should be used in most cases. If you want to have the graph 
Start at a temperature other than zero, choose "B" scaling. C - MANUAL SCALING gives you 
greater flexibility in setting up the graph, but requires more decision making. The best way to use 
type "C" scaling is to choose a good number for the "minimum value to plot" and then let the program 
decide the "maximum value to plot." The program usually does a good job at choosing a scale. 


The graph will now be displayed on the monitor (it may take a few seconds, especially if you have 
chosen a complicated style). The bottom and left sides of the graph are labeled and a title is at the top. 
There are marks along the sides every 10 pixels. The values of the two major tickmarks along the 
time axis are indicated. The values at three major tickmarks on the left side are also shown. The 
values at the lower-left corner of the graph are indicated. A horizontal line will be drawn across the 
graph at the horizontal axis value = 0 position if it should appear within the graph. 


The program now will begin to plot the points on the graph. If it tries to graph a point that will not fit 
on the graph, it will sound a "beep" and skip that point. Press <RETURN> when you have finished 
viewing the graph.!4 


13When time-of-day clock times are used, selecting "A" scaling will cause the graph to start at the beginning of the first 
day of the experiment. 


141f you do not want to wait for a graph to be completed, press the <ESC> key at any time the graph is being plotted. 
This will stop the plotting. Press <ESC> again to completely exit the graphing procedure. 
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You are now presented with the following options: 


- DISPLAY PREVIOUS GRAPH 

—- REGRAPH - SAME SCALE 
CHANGE SCALE AND REGRAPH 
- PRINT GRAPH 

- SAVE GRAPH IMAGE 


D - DISPLAY PREVIOUS GRAPH 
This choice displays the same graph with no changes. 


Mronwneso 


R - REGRAPH - SAME SCALE 
This option regraphs with the same scale, but allows you to change the graph style. 


S - CHANGE SCALE AND REGRAPH 
This option allows you to change both the scale and graph style. 


O - PRINT GRAPH 
This option prints out an exact copy of the graph that was displayed on the monitor. All of the sample 
graphs in this manual were printed using this option. The monitor will display the following menu: 


I - IMAGEWRITER 
G - GRAPPLER 
P - PKASO/U 


If your computer is connected to an Apple Imagewriter or Imagewriter II printer, you should select 
"I". If your computer system has a Grappler printer interface card, you should select option "G". If 
you are using a PKASO/U printer interface card, you should enter "P". See the Teacher's Guide for 
more information about printers. 


Finally, you will be presented with the following menu: 


1 - SMALL GRAPH - NO FORM FEED 
2 -—- LARGE GRAPH - NO FORM FEED 
3 - SMALL GRAPH FOLLOWED BY FORM FEED 
4 - LARGE GRAPH FOLLOWED BY FORM FEED 


These options allow you to select the size of the graph to be printed, and to determine whether the 
printer should advance the paper one sheet after printing the graph. After you make this entry, the 
graph will be printed. The preset selection is 2 - LARGE GRAPH - NO FORM FEED. 


F - SAVE GRAPH IMAGE 

This option allows you to save the high-resolution graphics screen containing the graph as a file for 
later use. This type of file cannot be used again by the TEMPERATURE PLOTTER II program, but 
may be used in other graphics programs such as "Beagle Graphics" by Beagle Bros Micro 
Software.!5 These programs can be used to load a graph from TEMPERATURE PLOTTER III and 
modify it. Note that graphs saved in this way use a lot of disk space. 


15This program is available from Beagle Bros Micro Software, Inc., 3990 Old Town Avenue, San Diego, CA 92110. 
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R - GRAPH IN REAL TIME 


Mode R allows you to construct a temperature vs. time graph as the temperature is measured. The 
data may be saved in memory for later use. The graph produced in this mode will be similar to the 
graph produced in mode P. When this mode is selected, you will first be presented with the Real 
Time Graph Style Options Menu. 


POINT PROTECTORS (small squares, triangles, etc. that make the data points more visible) 
ERROR BARS (marks that indicate the uncertainty of the data) 

GRID ON THE GRAPH (a pattern of background dots on the graph) 

LINE CONNECTING POINTS (straight line segments from point to point) 

BAR GRAPH (bars extending from the bottom of the graph to each data point) 

LEGEND ON GRAPH (text indicating which shape of point protector goes with each probe) 
SPECIFY GRAPH TITLE (put a title of your choice at the top of the graph) 


The options are similar to those offered in mode P - PLOT GRAPH. Use the arrow keys or type a 
letter to move to an option and then press the <SPACE BAR?> to turn the option on or off. When all 
of the style options are set as you want them, press <RETURN>. 


Next, you will be asked if you want to save the temperature data in memory. Remember that if you 
do save the data, any data previously in the computer's memory will be overwritten. 


At this point, you will be asked to enter the minimum and maximum anticipated temperatures. These 
values will be used in scaling and labeling the graph. 


Next you will be asked to enter the length of time to be graphed. 


LENGTH OF TIME OVER WHICH TEMPERATURES 
ARE TO BE MONITORED: 00:08:00 


The time should be entered in the D/HH:MM:SS format. Examples of possible entries: 


ENTRY TIME 

00:00:05 5 seconds 
1:30:00 1 hour and 30 minutes 
5:30 5 minutes and 30 seconds 
2/00:00:00 2 days 


When the program is first started, the preset value for the time between readings is 8 minutes. The 
time can be as short as a few seconds or as long as several weeks. 


If you are not saving the data in memory, the graphing will now begin. If you are saving the data , 
you now need to enter the number of points to be saved in memory. The maximum is 480 divided by 
the number of active probes. The program will read the temperature probes as fast as possible and 
ays Prot the results on the screen. This choice determines how many of these temperature readings 
wi stored. 


The graph is now set up and labeled. Data points are then placed on the graph each time the 
‘temperature is determined. The same point protector identification system is used as in mode P. If 
the program tries to graph a point that will not fit on the graph, it will sound a "beep" and skip that 
point. 


You can interrupt the plotting by pressing <ESC>. When the graphing process is completed, press 
<RETURN?> to continue. 
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The Graph Follow Up menu will now be displayed, offering you a chance to display the previous 
graph, regraph, save the graph image on disk, or print the graph. All of these options are the same as 
they were in mode P - PLOT GRAPH. 

MODE S$ - STRIP CHART RECORDER 

This mode lets you use your printer as a strip chart recorder to make a permanent record of the 
temperature readings. A sample strip chart is shown on the next page. Notice that the strip chart is 
made using normal text characters, so virtually any printer can be used. The length of a strip chart is 
limited only by your patience and your paper supply. 

On the strip chart, the temperature reading for each probe is represented by its letter ("A" for probe A, 


etc.). If more than one probe is reading the same value, an "X" is displayed at that location indicating 
two or more letters. 


To start the program in the STRIP CHART RECORDER mode, you need to answer several questions 
similar to the ones asked in the REAL TIME GRAPHING mode: 


DO YOU WANT TO SAVE THE DATA? 
MINIMUM ANTICIPATED TEMPERATURE: 0 
MAXIMUM ANTICIPATED TEMPERATURE: 100 


LENGTH OF TIME OVER WHICH TEMPERATURES 
ARE TO BE MONITORED: 00:08:00 


The last question will be different, depending on whether you are saving the data in memory or not. 
If you are not saving the data, you are asked to enter: 


NUMBER OF READINGS TO BE PLOTTED 
OVER THIS TIME PERIOD: 120 


The limit is 9999 readings. Remember that each reading will take a line of paper. 66 readings will fill 
a normal sheet of computer paper. 


If you have chosen to save the readings in memory you are asked to enter: 


NUMBER OF READINGS TO BE STORED 
OVER THIS TIME PERIOD: 120 


The maximum in this case is 480 readings divided by the number of active probes. The number 
entered will be the number of readings printed as well as the number stored. 


After you respond to these questions the program prompts you to get the printer turned on and it then 


begins printing the strip chart. You can interrupt the printing of a strip chart at any time by pressing . 
<ESC>. 
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SAMPLE STRIP CHART RECORDER PRINTOUT 


STRIF CHART RECORDER 


RECORDING TIME: 00:028 30 
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-MODE .Z - CALIBRATION 


The following options are offered: 


- READ COUNTS | 

- CHECK CURRENT CALIBRATION 
LOAD NEW CALIBRATION FILE 

- SAVE CURRENT CALIBRATION 

- CALIBRATE THE ACTIVE PROBES 
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This program operates by reading a "count" from a machine-language routine. These counts are 
converted to temperatures based on calibration data for the probe. The options presented here allow 
you to check and change this calibration data. The Teacher's Guide includes more suggestions for 
probe calibration. Each of the options is explained below: 


R - READ COUNTS 

This mode displays the raw count reading from each active probe. It is useful when troubleshooting 
the hardware to make sure that the probes are behaving normally. The count reading should decrease 
as the temperature of the probe increases. This option does not change the calibration. 


C - CHECK CURRENT CALIBRATION 
The current calibration data will be displayed in a format similar to this: 


CURRENT CALIBRATION 


ORIGINAL CLOCK TYPE:S 
D. VERNIER CLOCK SLOT:0 
3/27/88 | PRINTER SLOT:1 
UNITS:DEG. C 
PROBES : VERNIER ACTIVE:ABCD 
PROBE 

A B C D 
TEMP (C) #1 -> 0.0 0.0 0.0 0.0 
CTS #1 -> 6873 7308 7611 7962 
TEMP (C) #2 -> 45.5 45.5 45.5 45.5 
CTS #2 -> 5815 6171 6424 6718 
SLOPE -> 1718 1804 1874 1956 
(*1000) 


The calibration file name, the name of the person doing the calibration and the date of the calibration 
are listed at the top of the screen. The active probes are indicated. The lower part of the display 
differs somewhat depending on the type of temperature probes being used. The example above is for 
the Vernier Software AD590 temperature probes. It lists the counts and temperatures for the two 
calibration points, along with the calculated slope for each probe. If thermistor temperature probes are 
being used, the counts and temperatures for all three calibration points are listed. If the PASCO 
Radiation Absorber is being used, the correction factors for each of the four sensors are displayed. 


L - LOAD NEW CALIBRATION FILE 

This option allows you to load a different calibration file. You may want to do this when you change 
probes or change to a different range of temperatures. A list of all the calibration files on the 
TEMPERATURE PLOTTER III disk which match the type of temperature probe system you are 
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using will be displayed.!© You will be asked to enter the number corresponding to the filename of the 
data. When you enter the number, the new calibration file will be loaded and the calibration of the 
probes changed. When a new calibration file is loaded, the following options in the program are also 
reset: active probes, temperature units, clock type, clock slot, and printer slot. 


S - SAVE CURRENT CALIBRATION 

If you want to save the current calibration values on disk for later use, select this option. You will be 
asked to enter the date, the name of the person doing the calibration and the name of the calibration 
file. This file name is limited to 9 letters and must meet the other requirements of a ProDOS 


filename.!7 
After the file is saved you will be asked: 


DO YOU WANT THIS FILE TO BE USED AS THE 
CALIBRATION FILE WHEN THE PROGRAM 
STARTS? 


When the program is first started, the calibration file named "STARTUP.CAL.X" (where "X" 
depends on the type of temperature probe system being used) is automatically loaded into memory and 
used. If you want the calibration file that you just saved to be used as the "startup" file, answer YES 
to this question. Note that when a new calibration file is saved, the following options in the program 
are also saved: active probes, temperature units, clock type, clock slot and printer slot. 


If you decide later that you want to make a certain calibration file the "startup" file, follow this 
procedure: 


1. If the calibration file you want to use as the startup file is not already being used, load the 
calibration file into memory using LOAD NEW CALIBRATION FILE. 

2. Choose the SAVE CURRENT CALIBRATION option. 

3. Save the file using any name you wish, and answer "YES" to the question about saving the file 
as the startup file. 


Z - CALIBRATE THE ACTIVE PROBES 

This option allows you to calibrate your temperature sensors. Before using this option, you should 
set the active probes as you want them (using option P under OTHER OPTIONS). Only active 
probes will be recalibrated. The currently active probes will be displayed at the start of this option. 
Also, before using the calibrate options, set the following as you want to have them saved on the disk 
for later use: temperature units, clock type, clock slot, and printer slot. These settings are saved 
along with the calibration file. 


All temperatures measured and entered during calibration must be in Celsius degrees. The exact 
calibration procedure is slightly different depending on which type of temperature sensors you are 
using: 


16]f the calibration file you are looking for does not appear on the list, check the following: (1) Is the 
TEMPERATURE PLOTTER III disk in a disk drive? All calibration files are saved on the TEMPERATURE 
PLOTTER III disk. (2) Is the calibration file for the type of temperature probe system you are currently using? A 
calibration file made with AD590 temperature probes will not be listed if, for example, thermistor temperature probes 
were selected when the program began. 

17 All calibration files will be given the 6 character suffix ".CAL.X" (where X is a letter indicating the type of probe 
system being used) by the program. This means that there are only 9 characters available to meet the ProDOS filename 
maximum limit of 15 letters. 


24 


at 
Lo 
oe 
we 
s 
ve 


PLO Q SER'S MANUAI 


Using AD590 temperature probes: 

Place the probes with a Celsius thermometer in a water bath that has a temperature about as low as 
you expect to be measuring during your experiments. After a few minutes, press the 
<RETURN?> key and then enter the actual water temperature (°C) as measured by the 
thermometer. Now move the probes and the thermometer to a container of warm water and repeat 
this procedure. 


Using thermistor temperature probes: 

Place the probes with a Celsius thermometer in a water bath that has a temperature about as low as 
you expect to be measuring during your experiments. After a few minutes, press the 
<RETURN?> key and then enter the actual water temperature (°C) as measured by the 
thermometer. Now move the probes and the thermometer to a container of water at about the 
middle of the temperature range you expect to be using. Wait until the readings stabilize and then 
press <RETURN>. Now move the probes to a third water bath of warm water and repeat this 
procedure. 


Using a PASCO Four Surface Radiation Absorber: 

Calibration using the PASCO Radiation Absorber is the simplest of all. Place the PASCO 
Radiation Absorber in a room where no bright light is shining on it. Measure the air temperature 
(°C) near the Radiation Absorber. Press <RETURN> and enter the actual temperature of the air as 
measured by the thermometer. 


When you finish this procedure you will be asked if you want to save the new calibration on the disk. 
When you choose to save the calibration on the disk, you will be asked to select a name for the new 
calibration file. Use a name no longer than 9 letters. You will also be asked if you want this 
calibration to be used automatically each time you start up the program. If you select YES, this 
calibration will be used all of the time except when you specifically request a different calibration to be 
used. Different calibration files are sometimes useful, for example, to work with different 
temperature ranges or different temperature probe systems. 


O - OTHER OPTIONS 


Select the option you wish to change when the following options are displayed. 


- SELECT PROBES 

- SELECT PRINTER SLOT 

- SELECT TEMPERATURE UNITS 
- SELECT CLOCK 

- SELECT TIMEKEEPING MODE 
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Each option is explained below: 


P - SELECT PROBES 
The following choices are offered when the select probes option is chosen: 


SELECT PROBES 


ON A - PROBE A 
ON B - PROBE B 
ON C - PROBE C 
ON D - PROBE D 


The probes currently being used are shown as "ON". If you press <RETURN> without making an 
entry, the probe status will remain unchanged. The probes that are active when the program starts are 
specified in the calibration file. To toggle a probe, move the cursor to the desired probe and then 
press the <SPACE BAR>. Press <RETURN> when desired probes are set as you want them. 
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Any temperature readings stored in memory will be lost when the probe settings are changed. 


The active probe status will be adjusted automatically by the program whenever a new calibration file 
or data file is loaded from disk. 


S - SELECT PRINTER SLOT 

This option allows you to specify the slot number to which your printer is connected. When the 
TEMPERATURE PLOTTER III disk is sold, the slot is set to #1. You can change the slot using this 
option. Whenever you calibrate the temperature probes, the printer slot number is saved with the 
calibration data. This means that once you use this option to select the printer slot and then calibrate 


the probes, whenever you use the new calibration, the printer slot will be set properly. 18 


U - SELECT TEMPERATURE UNITS 
Select the temperature units you wish to use when the following options are presented: 


C - CELSIUS 
F - FAHRENHEIT 
K -— KELVIN 


The units currently being used are highlighted by the cursor. If you press <RETURN> without 
making an entry, the units will remain unchanged. 


If you change the units while a table of data is in memory, the computer will erroneously label the old 
data with the new units if a data table or graph is made. 


The temperature units are automatically reset by the program when a new calibration or data file are 
loaded from disk. | 


C - SELECT CLOCK 
Select the clock you wish to use when the following options are presented: 


SOFTWARE CLOCK 
PRODOS CLOCK 
MOUNTAIN CLOCK 

- APPLE IIGS CLOCK 
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The clock currently being used is displayed at the top of the screen. If you press <RETURN> 
without making an entry, the clock will remain unchanged. The "P" or "M" selections require the 
appropriate hardware, which plugs into one of the slots in an Apple II Plus, Apple Ile, or Apple 
IIGS. Most hardware clocks that provide times which the ProDOS operating system can recognize 
can be used as a PRODOS CLOCK.!9 If you have one of these hardware clocks, select the proper 
mode and the program will read the actual time of day from the clock card and use it in all data tables. 
This provides a very accurate time base for experiments. 


The clock type and clock slot number are saved on the disk each time the temperature sensors are 
calibrated. Once you set the clock the way you want it and then do a calibration of the probes, the 
clock should be ready to use each time you start the program. 


18The Apple IIc does not have slots. When using a IIc, enter the "port" (1 or 2) to which your printer is connected. The 
Apple IIGS has both slots and ports. The printer can be connected to either a slot or a port. Refer to the Apple 
manuals for more information. 

191f you are using a II Plus or Ile and want to know if you have a PRODOS clock in your computer, here is a quick way 
to check: Look at a CATALOG of files that you saved on a disk. The date will be listed if your computer has a 
ProDOS clock. If you do not have a ProDOS clock, <NO DATE> will be displayed for the date. 
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SOFTWARE CLOCK NOTES: 

The software clock choice means that the program keeps track of the time based on the fact that each 
temperature reading takes one second. This is not as accurate as using a hardware clock, but should 
be good enough for most experiments. If accurate times are important, do not use the following 
options when collecting temperature data (using the software clock): 


In mode M - MONITOR TEMPERATURES, avoid large print display and alarms. 
In mode R - REAL TIME GRAPHING, avoid error bars or bar graph. 


HARDWARE CLOCK NOTES: 

1. When a PRODOS clock, Mountain Clock, or an Apple IIGS is being used, times can be read in 
either the relative timekeeping mode or the time-of-day timekeeping mode. Relative times are 
times measured from the start of the data collection. Time-of-day times are actual clock times 
(e.g., 12:34:22). The timekeeping mode is selected from the OTHER OPTIONS Menu. 

2. When a hardware clock is being used, each temperature reading will take slightly more than the 
normal one second. However, the clock is read each time a temperature is monitored and all times 
displayed are accurate to the nearest second. When a hardware clock is being used, the LENGTH 
OF TIME OVER WHICH TEMPERATURES ARE TO BE MONITORED will always be 
correct. The NUMBER OF READINGS TO BE STORED IN THIS TIME PERIOD may not 
always be correct. 

3. When using a hardware clock overnight on the last day of the month, the program will stop saving 
data at midnight. The program is confused by the date going "backwards." 

4. If you are using a Mountain Computer CPS Multifunction Card, you must use "clock format #1." 


GS CLOCK NOTES: 

If you choose the Apple IIGS clock, the GS clock format must be set up to read times in the 24 hour 
(military) format and "MM/DD/YY". The GS clock format is set using the control panel built into the 
Apple IIGS. Refer to the GS manuals for details. 


T - SELECT TIMEKEEPING MODE 

This option is useful only if you are using a hardware clock (Apple IIGS clock, Mountain Clock or 
ProDOS compatible clock). When taking data for experiments, the times read from these clocks can 
be used in two different ways: 


1. Relative times: The clock times are converted to times measured from the start of the 
experiment, starting with 00:00:00. This timekeeping mode is best for experiments over a short 
time interval or for experiments where the actual clock time is unimportant. This is the preset 
timekeeping mode. If you are using the software clock, the relative timekeeping mode is always 
used. 

2. Time-of-day times: The clock time (e.g. 12:32) is used as it was read. This timekeeping 
mode is useful for doing experiments over a long time period, when the actual clock time is 
important. One example would be taking temperature measurements for a weather station. 


The timekeeping mode affects the way times are displayed in data tables, on graphs, and when using 
the strip chart recorder. It also determines how data is saved in the data files. 


Q - QUIT 


Use this mode to exit the program. This mode restores the computer's internal pointers so that it will 
be ready to use for another program.29 


20Y ou can exit the program at any time by pressing the <CONTROL>and <RESET> keys at the same time. This 
method of breaking out of the program is not recommended unless you plan to "reboot" the computer. 
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TEMPERATURE PLOTTER III 
TEACHER'S GUIDE 


Suggestions for Experiments and Demonstrations 


Many of the standard physics and chemistry experiments can by done using this program. In many 
cases better data can be collected with less effort than when a thermometer is used. Another use of the 
program is for doing "demonstration experiments." The large print temperature display in mode M or 
the graphing modes (P or R) can allow the whole class to see the results. Many experiments which 
involve heat require measuring the temperature of a liquid periodically over a long time period. The 
instructor can introduce the experiment at the beginning of a class period, start collecting data, and 
then go on with a lecture. During the lecture, the program is taking temperature readings. Just before 
the class ends, the instructor can show the class the results of the experiment (using numerical results 
or graphs). In this way students get many of the advantages of a laboratory investigation with 
minimal classroom time expenditure. 


Several experiments/demonstrations which may be done more efficiently with this program are 
outlined below: 


LATENT HEAT OF FUSION OF ICE 


Pour a known volume of warm water into a styrofoam cup. 
Place a calibrated temperature probe in the water. Usea 
second probe to measure the room temperature. Use the 
program to monitor both temperature readings for a few 
minutes and save the results in memory. Now add an ice 
cube to the water. Allow the program to continue to take 
temperature readings for five or six minutes. Determine the 
final volume of the liquid. Have the program graph the 
results. 


00: ee OS : 00 10:00 
TIME (HH:'MM: SS) 


From the graph determine the temperature change in the water that was caused by the melting of the 
ice. The graph allows you to extrapolate and determine the proper temperature change after taking 
into account the heat exchange between the water and the air. For best results, the initial temperature 
should be selected so that room temperature is halfway between initial and final temperature. 


SPECIFIC HEAT OF A METAL 


Heat a metal object in a water bath. Allow it to reach equilibrium and determine the temperature of the 
bath. Measure the volume and temperature of approximately 100 ml of water in a styrofoam cup. 
Quickly add the hot metal to the cup and use the program to determine the final temperature as you stir 
the water. Set heat loss equal to heat gain and calculate the specific heat of the metal. 


COOLING CURVES AND LATENT HEAT 


Several different chemicals can be used to produce interesting cooling curves using temperatures 
within the range of the probes. Be careful not to use a toxic chemical or a chemical that dissolves the 
sealant used on the probe. Place the chemical in a test tube and heat it in a water bath until it melts. 
Insert a probe into the chemical. The probe should not be touching the container. Use the program to 
monitor the temperature every 30 seconds and save the data in memory (more than one sample can be 
used at once). Do not stir the test tube. After the chemical has all turned solid, use the program to 
graph the results. Students should see the curve flatten out as the latent heat of fusion is given off. 
Several of the chemicals suggested above can exhibit supercooling. Two sample graphs are shown 
below. The graph on the right shows supercooling. 
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TYPICAL COOLING CURVES 


SPECIFIC HEAT OF A LIQUID 


Apply heat to several different liquids under similar conditions. Use the program to monitor 
temperatures and graph temperature vs. time. The heat can be supplied by an immersion heater. 
Heating equal masses of water and ethylene glycol (antifreeze) will yield different slopes on the 
temperature vs. time graph. The slopes of the graph should be inversely proportional to specific heat 
of the liquid. 


RATE OF COOLING 


The two graphs below were made from data on the cooling of warm water as it was placed in an ice 
bath. The graph on the left is the normal cooling curve produced by the TEMPERATURE PLOTTER 
Il program. The graph on the right is the same data plotted as log of temperature vs. time using the 
Vernier Software GRAPHICAL ANALYSIS III program. Newton's Law of Cooling states that the 
rate of heat loss is proportional to the difference between the object's temperature and its 
surroundings. If this law is correct, then the plot of log temperature vs. time should be a straight line 
(since the temperature in °C is equal to the difference in temperature between the water and the bath). 
As the graph shows, this law holds true, at least approximately, with small temperature differences. 
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COOLING OF WATER 


The program could also be used to verify the Stephan-Boltzmann radiation law. 
HEAT OF REACTION 


Determine the amount of heat energy released per mole when sodium hydroxide solution (1 M) and 
dilute hydrochloric acid are mixed. If you know the concentration and volume of the NaOH, you can 
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determine the number of moles. Determine the initial temperature of the NaOH and the HCl (probably 

room temperature). Mix the NaOH with enough HCI so that you are sure that the NaOH limits the 

reaction. Use the program to check the temperature as you stir. Determine the final (maximum) 

temperature and the volume of the final solution. From this, determine the change in temperature and 

amount of heat energy released. If you want to be very accurate, allow for the heat used in warming 
e container. 


A variation is to give the students an HCI solution of unknown concentration and have them determine 
the molarity from the heat of reaction. 


RADIANT ENERGY ABSORPTION 


a. The PASCO Four Surface Radiation Absorber can be used 

a to study how radiation is absorbed by four different metal 
surfaces. The graph below shows a typical experiment 
done using mode M and then graphed using mode P. 


Different responses are observed if the radiation source is 
different temperatures. Refer to the PASCO manual for 
more information or for suggestions for experiments. 


EVAPORATION RATES 


For a very simple experiment, demonstrate the cooling that occurs when water or alcohol evaporate. 
Place one probe in room temperature water and one in room temperature alcohol. Remove both 
probes at the same time and watch their temperatures. For a more involved experiment, students 
could study the relationship between evaporation rates and molecular mass and molecular geometry. 
Compare the evaporation of saturated hydrocarbons, alcohols, aldehydes, and other organic 
compounds. 


ANGLE OF INSOLATION 


Place the ends of each of the four probes 
inside four separate "envelopes" made of 
black construction paper. Mount these four 
envelopes so that light from a floodlight 
strikes their surfaces at different angles. 
Use TEMPERATURE PLOTTER III to =< 4 


compare the heating of each envelope.! 


ELECTRICAL ENERGY 


Hook up a heating coil with a power supply, an ammeter and a voltmeter so that you can measure its 
power consumption (P = V * I). Place the coil in a styrofoam cup containing a known amount of 
water and a temperature probe. Start the program monitoring the temperature of the water and save 
the data in memory. Turn on the power and begin stirring the water. After a few minutes, turn off 
the power and have the program graph the results. The slope of the graph can be used to measure the 
change in temperature per second and then the heat energy added/sec (in calories/sec). This can then 
be compared to the energy/sec (joules/sec) supplied by the heating coil. Students can verify that a 
joule is 0.239 calories. 


IThanks to Robert M. Pease, Conard High School, West Hartford, CT, for suggesting this experiment. 
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FLAME EFFICIENCY 


Set up two equal volumes of room temperature water in identical beakers. Place them at the same 
height above similar Bunsen burners. Adjust one burner for a blue flame and the other for a yellow 
flame. Place a probe in each beaker. Start the program and compare the rate of change in temperature 
as a measure of the heat output of the two flames. Be careful not to exceed the temperature range of 
the temperature probes. 


INSULATION PROPERTIES 


Place warm water samples in various containers or wrapped 
in various materials. Use the program to monitor the 
cooling. Save the data in memory and graph it. The slope 
of each curve is a measure of the insulation properties. The 
sample graph below shows the cooling of equal amounts of 
water in a vacuum thermos bottle (squares) and a coffee cup 
(triangles). It also shows the warming of cold water in a 
beaker (circles). 


O2 : 00:00 
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WEATHER STUDIES 
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As mentioned in the Temperature Sensor Hardware section, 
long lead wires do not cause calibration problems when 
using the AD590. Therefore, you can run wires outside 
and get outdoor temperatures, as well as indoor 
temperatures. Two adjacent probes, one with a wet cloth 
wrapped around it, can be used to determine relative 
humidity. Notice that the program will sample data over a 
long time period. The lower line on the sample graph 
shows the outside temperature in Portland, Oregon on a 
night in February. The upper line is the indoor temperature. 
Note that actual times from a hardware clock are used in this 
example. 
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FURNACE STUDIES 


Some interesting data can be obtained by simply using the 
TEMPERATURE PLOTTER III program to monitor the 
temperature in different locations in your house or school. 
For example, it is interesting to study the temperature at 
various heights in a room or near windows. This graph 
was made by placing one probe (lower data) near the 
thermostat in a house and the second probe (upper data) 
near a heat vent. The graph shows the sensitivity of the 
thermostat, how often the furnace comes on, and how 
quickly the temperature rises and falls. 
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EMPERATURE PLC 
General Notes 


HARDWARE REQUIREMENTS FOR PRINTING GRAPHS 


This program allows you to make paper copies of the graphs that are displayed on the monitor. To 
use this option you must have one of the following hardware configurations: 


1. An Apple Ic or IIGS and an Imagewriter or Imagewriter II printer connected to one of the serial 
ports (a printer interface is built into the IIc and IIGS). 

2. An Apple II Plus, Me or IIGS with an Apple Super Serial card and an Imagewriter (I or ID) printer. 

3. An Apple I Plus, He or Ic or IIGS with a Grappler interface card and a dot matrix printer. 

4. An Apple II Plus, Ile or UGS with a PKASO/U printer interface card. 


A Grappler printer interface card plugs into one of the slots inside an Apple II Plus or an Apple IIe. It 
may then be connected to almost any dot matrix printer. There is also a Grappler interface card for the 
Apple IIc computer. They are manufactured by Orange Micro Inc., 1400 N. Lakeview Avenue, 
nares CA 92807 (714)779-2772. They come in several different models, with prices starting at 
about $100. 


The PKASO/U printer interface card is a similar card that is manufactured by Daisi Electronics Inc., 
Newtown Square, PA 19073, (215) 353-2203. 


SUGGESTIONS FOR USING DISKS FOR DATA STORAGE 


The TEMPERATURE PLOTTER II program will not allow you to format a new disk. If you plan to 
save data, make sure you have some formatted ProDOS disks available. Disks can be formatted using 
the program FILER (or other programs) supplied with the Apple Computer. 


The TEMPERATURE PLOTTER III disk is nearly full with the program itself. Also, you must keep 
the TEMPERATURE PLOTTER III disk in the disk drive when using the program. The suggested 
strategy for storing data depends on disk drives you have available. 


If you have two disk drives: 


Place the TEMPERATURE PLOTTER III disk in the #1 drive and start up the program. The first 
time you want to save some data to disk, place a formatted disk in the second disk drive and 
choose "SELECT DATA DISK" from the File Options Menu. Select the second disk as the data 
disk. All data will be loaded and saved on this data disk unless you specify another disk. 


If you only one disk drive: 


Place the TEMPERATURE PLOTTER III disk in the #1 drive and start up the program. The first 
time you want to save some data to disk, you should first choose FILE OPTIONS from the Main 
Menu. After the program displays the File Options Menu, take out the TEMPERATURE 
PLOTTER III disk and place a formatted disk in the disk drive. Choose SELECT DATA DISK 
from the File Options Menu. Select the disk as the data disk. All data will be loaded and saved on 
this data disk unless you specify another disk. You will need to place this disk in the drive each 
time you save or load data. You must take out the data disk and return the TEMPERATURE 
PLOTTER III disk to the disk drive before you leave the file options portion of the program. 


If you have a 3.5 inch disk drive or a hard disk: 


There is plenty of room to save and load data on the TEMPERATURE PLOTTER III disk itself if 
you have transferred the program to a 3.5 inch disk or a hard disk. You may want to set up a 
subdirectory on the disk in which to store your data. 
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CALIBRATION SUGGESTIONS 


Thermometers - Careful calibration of the sensors is important for accurate temperature readings. 
You will need to calibrate the system when you first use it and any time that you change computers, 
probes or connector boxes. The calibration of a system should not change otherwise. Here are some 
suggestions for accurate calibration: 


¢ Thermometers: Always use a good thermometer. The accuracy of the probes can be only as 
good as the device with which you calibrate. 


¢ Equilibrium: The most common cause of 
problems in calibration is not allowing the probes (or 
the thermometer) to reach equilibrium with the water 
bath. Stirring the water bath is a good idea to make 
sure the probes and the thermometer are actually at the 
same temperature. The graph at the right shows the : 
results of moving AD590 probes from warm to cool 

water. In this case the water was stirred with the 

probe. The graphs will give you an idea of the time oan 
needed to reach equilibrium. TIME (HHihet SS) 


(DEG. ¢)> 


Choice of calibration temperatures - For the greatest accuracy, calibrate the sensors at 
temperatures near the temperatures you expect to measure in your experiment. The program allows 
you to save different calibration files on the disk to take advantage of this idea. For example, if you 
are studying human mouth temperatures, you can calibrate at 95°F and 105°F and have very accurate 
readings within this range. Save this calibration file on the disk for any time that you are doing 
experiments in this temperature range. You can have another calibration file covering a much larger 
range on the disk for general use. Use the LOAD CALIBRATION FILE choice on the Calibration 
Menu to load in the file you want to use. 


Questions about TEMPERATURE PLOTTER Il 


TEMPERATURE PLOTTER III is the second version of a program first sold in 1984. Many of the 
new features are the result of suggestions made by users of program. We thank all of them for their 
support and their suggestions. If you have any problems or questions about this program, please 
contact us. We encourage you to fill out and return the registration card included with the 
TEMPERATURE PLOTTER III disk so that we can keep you informed of future upgrades. We also 
publish a periodic newsletter for registered customers containing program improvements and new 
ideas for using this and other Vernier Software programs. 


Much of the programming on TEMPERATURE PLOTTER III was done by two excellent young 
programmers, Tom Wesselman and Larry Arbuthnot. 


David L. Vernier 
Vernier Software 
2920 S. W. 89th Street 
Portland, OR 97225 
(503) 297-5317 
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TEMPERATURE PLOTTER III 
TEMPERATURE SENSOR HARDWARE 


TEMPERATURE PLOTTER III is designed for use with three different types of temperature sensors: 


1. Vernier Software AD590 Temperature System 
2. PASCO scientific Four Surface Radiation Absorber 
3. Thermistor temperature probes 


1. VERNIER SOFTWARE AD590 TEMPERATURE SYSTEM 


Vernier Software sells a temperature probe system using AD590 temperature sensors in both kit form 
and in assembled, tested systems. 


¢ AD590 temperature probe parts kits: The parts kits include all of the parts required to build 
a temperature probe system, including AD590 temperature transducers, probe hardware, wire, 
Capacitors, box, and connecting jacks and plugs. You will need a soldering iron, solder, wire 
cutters, wire strippers and silicone sealant (to seal around the ends of the completed probes), and 
heat shrink tubing or plastic tape. Complete instructions for building the temperature probe 
system are included in this manual. The order codes and prices for these parts kits are: 


2-Probe Parts Kit for Apple Ic/Me/IIGS with 9-pin cable..................... #2PK-9.....$25.00 
4-Probe Parts Kit for Apple Ie/IIGS with 9-pin cable...................0ce00s #4PK-9.....$40.00 
4-Probe Parts Kit for Apple II Plus/Ile/IIGS with 16-pin cable............... #4PK-16 ...$40.00 


¢ Assembled AD590 temperature probe systems: We build the temperature probe systems 
from the same parts as used in our parts kits. The assembled systems use a Teflon heat-shrink 
tubing to seal and protect the probe. The order codes and prices for the assembled systems are: 


2-Probe Assembled System for Apple IIc/IIe/MGS with 9-pin cable......... #2PA-9.....$45.00 
4-Probe Assembled System for Apple Ie/IIGS with 9-pin cable............. #4PA-9 .....$70.00 
4-Probe Assembled System for Apple II Plus/Te/IIGS with 16-pin cable...#4PA-16....$70.00 
Replacement Probes ............cccceccccccccceccecceecesccecceccescsescceccenceeass #TPP...... @$9. 00 


How the Vernier AD590 Temperature System Works 


The AD590 is a small integrated circuit which produces a current output which is proportional to its 
absolute temperature. This current is normally 1.0 microampere per Kelvin. This linear temperature 
response makes the device easy to calibrate. A typical circuit for using the AD590 is shown below. 
Notice that only two leads are needed to the temperature transducer. 


SIMPLE AD590 CIRCUIT 


One of the advantages of using a device that produces a current output signal instead of a voltage 
output signal is that the resistance of the lead wires does not normally affect the signal received at the 
readout device. Because of this, very long lead wires can be used between the temperature transducer 
and the readout device. 
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The current readout device to be used in this application is the Apple computer. The signal comes into 
the computer through the game port. The PDL lines are used. The PDL lines are most often used for 
game paddles and joysticks in a circuit such as this: 


+5¥V 


paddle or 
joystick 


trigger 
transistor 


NORMAL PDL CIRCUIT 


The variable resistor is usually inside a game paddle or joystick. If the resistance is increased, the 
current flowing into the computer is reduced. If the resistance is decreased, the current increases. 
The current into the computer is used to charge the internal capacitor. The computer measures the 
amount of time it takes for the capacitor to be charged to a threshold level (about 3 volts). It uses a 
machine-language routine in the Apple's ROM to do this. The "time" is really just a "count" of how 
many loops the program goes through before the capacitor is charged. If the current is large, the 
Capacitor will charge up quickly and a low count is registered. If the current into the computer is 
small, the capacitor will take a long time to get charged and a high count is read. With the standard 
Apple routine, the count can range from 0 to 255 counts. A count of 255 means that it took 3 
milliseconds for the capacitor to become charged. From BASIC, this count can be determined by 
using the PDL(Q) statement. The transistor shown in the figure is used as a switch which normally is 
closed so that the capacitor is kept uncharged. It is turned off when the counting cycle begins to allow 
the capacitor to start charging. 


The Vernier Software temperature probe system uses the PDL input lines in a similar manner: 
+S ¥ 


trigger 
transistor 


THE VERNIER SOFTWARE TEMPERATURE PROBE SYSTEM 
With this system, the current is supplied by the ADS90. Its output current is proportional to absolute 


temperature. This current is used to charge the internal capacitor and a second external capacitor. 
This extra capacitor means that it takes much more charge to reach the threshold voltage level. The 
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Apple built-in paddle check routine is inadequate for this use. A machine-language routine called 
TEMP written especially for TEMPERATURE PLOTTER III is used instead. It determines the 
charge time by counting loops as the other routine did, but it reads from 0 to 40,000 counts. With 
this routine, even though it takes a long time (a few tenths of a second) to charge the capacitor, a 
meaningful count is registered. Another advantage of the TEMP routine is that it always takes the 
same amount of time regardless of the status of the temperature probe. The built-in paddle check 
routine takes longer when a small current is used than when a large current is used. The TEMP 
routine can be "called" from BASIC whenever the temperature is to be checked. As with the Apple 
paddle reading circuit, the count result is inversely proportional to the current. 


The probe is calibrated by reading the count at 
two different known temperatures, T1 and T2. 
These counts are called C1 and C2. The 
calculation of temperatures is based on the slope 
of the straight line between the two calibration 
points as shown in this figure. 


TEMPERATURE 
(DEG. K) 


ACURRENT 


CURRENT (OR 1/COUNTS) 


CALIBRATION OF THE PROBE 


The data on the two calibration points (T1, T2, C1 and C2) are stored on the disk in a calibration file. 
Different calibration data is kept for each probe. This calibration data can be checked and changed 
using mode Z of the program. If you change probes, computers or interface boxes (which contain the 
extra capacitor), you will change the calibration. 


During normal use, count readings from the TEMP program are converted into temperatures using the 
formula: 


temp = slope * (1/counts - 1/C1) + T1 


AD590 types and grades 


The AD590 is fairly inexpensive, can be used over a wide temperature range (-55 to 150°C) and 
produces a current proportional to absolute temperature. It comes in two different packages. The "H" 
package is a metal can which looks very much like a metal transistor. The "F" package is a much 
smaller flat, ceramic device. Transducers in this package are more expensive, but since they are less 
massive, they respond to temperature changes faster. The package ("H" or "F") is identified by the 
last letter in the Analog Devices part number. 


Analog Devices tests all of the AD590 temperature transducers and sorts them in accordance to how 
well they match their theoretical output. The devices are then sold in various grades: J, K, L and M. 
The grade is indicated by the second last letter marked on the device. Grade J devices are the cheapest 
and least linear. Grade J devices are used in Vernier Software parts kits and assembled temperature 
probe systems. A table summarizing typical results from the various grades is shown below. The 
single device purchase prices for the "H" package (effective 3/88) are also included. The prices for 
the "F" package devices are approximately twice the "H" package prices. The two error figures refer 
to two different calibration conditions. In the right column, the probe was calibrated at 0 and 100°C. 
In the other column the calibration was over a narrower range (25 to 50°C). These figures are based 
on an Analog Devices Application Note called "Accuracies of the AD590." They are similar to results 
we have obtained at Vernier Software using grades J and K. These are maximum errors -- typical 
results are much better. 
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T1=25, T2= Ti= =1 
M $51.40 2°C T°C 
L 21.60 3 1.1 
K 10.20 3 1.3 
J 5.00 5 2.0 


Appendix B of this manual is the AD590 data sheets. They are printed with the permission of Analog 
Devices, Inc. It includes a discussion of the various grades of devices and accuracy. 


Alternatives to the AD590 


AD592 - This device is also sold by Analog Devices. It is a plastic package temperature transducer 
that is the equivalent of the ADS90. The main differences are the external material and the usable 
temperature range, which is -25 to +105 degrees C for the AD592 compared to -55 to +150 for the 
ADS590. The devices are also tested over different temperature ranges. Prices for the AD592 are 
slightly higher than for the AD590. 


Stainless Steel Temperature Probes - AD590 temperature transducers built into stainless steel 
temperature probes are sold by Analog Devices as part number AC2626J4. They are approximately 
$47.00 a probe. 


General Suggestions for Using the Vernier Software AD590 Temperature 
Probes 


Wet Probes - If you start getting strange results from a particular probe, a likely cause is water 
inside the probe tube. You can test for this by shaking and tapping the probe in the air after you have 
dried off the outside. The probe reading should not be affected by these vibrations. If the reading 
changes by a degree or so, it is likely that the probe is wet inside and the water is causing problems. 
Take the probe apart (use a knife to cut off the silicon sealant or heat shrink tubing), dry it out and 
reseal it. This is the most common cause of problems with the temperature probe system. It is 
probably a good idea to inspect the probes periodically to make sure they are well sealed. 


Using probes in chemicals - Be careful when using the temperature probes in chemicals. Some 
chemicals may react with the probe tube, the sensor itself, or with the sealant used. 


Temperature response - The integrated circuit temperature transducer takes a while to respond to 
changes in the temperature of its surroundings. The graph below on the left shows the results of 
moving an AD590 probe from warm to cool water. The graphs will give you an idea of the time 
needed to reach equilibrium in water. The graph on the right shows the response of an AD590JH 
probe used in air. Notice that it takes several minutes for the temperature transition in air. In both 
Situations graphed here, the probe was simply moved into the new temperature and not moved 
around. The temperature transition happens faster if the probe is stirred through the liquid or waved 
back-and-forth through the air. 
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Probe Interaction - If the cable from the computer to the interface box is longer than a meter or so, 
you may notice some interaction between the probes. That is, when the temperature of one probe 
changes it affects the other probes. This can occur with both ribbon and round interface box cables. 
For this reason, we supply relatively short cables on the Vernier Software temperature probe systems. 


Probe leads - As mentioned before, the resistance of the leads to the AD590 temperature transducers 
do not affect the readings much. You can read the temperature at a great distance from the interface 
box with very minimal problems. Our tests show the addition of 50 meters of wire affects the results 
less than a degree Celsius. Recalibration can correct for even this minor change. There is no problem - 
with probe interaction caused by using long leads from the interface box to the probe. 


2. PASCO SCIENTIFIC FOUR SURFACE RADIATION ABSORBER 


With the PASCO Four Surface Radiation Absorber (TD-8560), you can determine the effect of 
temperature and surface on thermal radiation. TEMPERATURE PLOTTER III monitors, tabulates 
and graphs temperature versus time data from all four thermistors of the TD-8560 Radiation 
Absorber. A graph showing a typical experiment using the Radiation Absorber is shown later in the 
Teacher's Guide. Refer to the PASCO manual for more information or for suggestions for 
experiments. 


The Radiation Absorber hardware is available from: 


PASCO scientific 
10101 Foothills Blvd. 
Roseville, CA 95678 
(800) 772-8700 or (916) 786-3800 


3. THERMISTOR TEMPERATURE PROBES 


TEMPERATURE PLOTTER III can read temperatures from thermistor temperature probes connected 
to the Apple's game port. The one requirement is that the thermistor and the capacitor used yield 
counts in the range of a few hundred to no more than 20,000. 


To use a thermistor as a probe with the standard interface box (the one normally used with AD590 
temperature probes), select a thermistor that has a resistance of about 7K to 20K over the temperature 
range you wish to study. Wire the thermistor between the +5V line and the PDL line, taking the place 
of the AD590. The current into the interface box will be inversely proportional to the resistance of the 
thermistor. The resistance of a thermistor decreases as the temperature increases. As the temperature 
of the thermistor increases, the resistance decreases and the current into the interface box increases. 

In effect, the program can measure the resistance of the thermistor and calculate the temperature. The 
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mathematical relationship between resistance and temperature is much more complex than in the case 
of AD590 transducers. | 


Here are some thermistors that we have used with our standard interface box (containing 4.7UF 
Capacitors): 


Vendor Part Number 
Mouser Electronics -ME334-4127-103 
Arrow Electronics 2248AAD (Fenwall FA41J1WC) 
Arrow Electronics 2248AAA (Fenwall GB41P2) 
Newark Electronics 30F1725 (Fenwall GB41J1) 
Newark Electronics 30F1770 (Fenwall FA41P2) 


Another way to use thermistors that works very well is to use thermistors that have a resistance of 
about 100-KQ at room temperatures and use a modified version of the interface box. The change is to 
substitute 0.47\1F capacitors for the 4.7.F capacitors that we normally use. 


In our tests thermistor probes are not as accurate as AD590 temperature probes, especially if used 


over a wide temperature range. Thermistor probes do have the advantage of quick response if small 
thermistors are used. 
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TEMPERATURE PLOTTER III 


HOW TO BUILD 
A TEMPERATURE PROBE SYSTEM 


PARTS LIST 


For Each Temperature Probe: 


* (CJ (1) Analog Devices ADS590JH Temperature Transducer (This component is not sold by 
electronic supply houses. These devices can be obtained directly from Analog Devices, 
Route 1 Industrial Park, P.O. Box 280, Norwood, MA 02062, (617) 329-4700. 
Unfortunately, Analog Devices has a fairly large minimum order. A "second source" 
ADS590 part is available from Arrow Electronics.) 


* [] (1) 4.7-pF polyester or mylar capacitor, rated at 10 volts or more 

* [] (1) 220-Q metal film resistor 

* [] (1) 3-conductor mini phone plug (Radio Shack #274-284) 

* [1] (1) 3-conductor mini phone jack (Radio Shack #274-249 or 274-250) 
* [] (1) Brass tube for body of probe (approximately 15 cm long) 

*C] 2-conductor probe wire (approximately 1.5 meters) 

*C) Heat shrink tubing (3/16" diameter) or plastic electrical tape 


For Interface Box: 


* CT) Experimenter box (Radio Shack #270-222 or any box large enough to hold the 
components) 


*T Short sections of wire for wiring inside box 


* CT) 9-conductor cable with sub-D plug (for Ile, IIc or IGS only - see comments below) 
Radio Shack #270-1705 


* Ribbon cable with 16-pin DIP plug (for II Plus, Ie or IGS only - see comments below) 
Radio Shack #276-1976 


* These items are included in Vernier Software's "Temperature Probe Parts Kits." The order codes 
and prices for these parts kits are as follows: 


4-Probe Parts Kit for Apple IHe/IIGS (9-pin cable) ............. #4PK-9....... $40.00 
4-Probe Parts Kit for Apple II Plus/Ie/IIGS (16-pin cable) ...#4PK-16......$40.00 
2-Probe Parts Kit for Apple Ic/Ile/IIGS (9-pin cable) ......... #2PK-9....... $25.00 


Note: Vernier Software also supplies assembled and tested AD590 temperature probe systems. 


TOOLS AND SUPPLIES 


To assemble a temperature probe system, you will need the following: a good, low-power soldering 
iron, rosin core solder, wire cutters, wire strippers, thermometer and silicone sealant (GE Silicone II 
or equivalent, available at hardware and discount stores). 


Some comments on the parts list: 


1. Radio Shack part numbers are listed because of their availability in most communities. Similar 
parts are available at other electronic parts stores. 

2. The 16-pin ribbon cable goes from the Apple II+/He/IIGS game port connector inside the 
computer to the interface box. A cable about a meter long is recommended. If a very long cable is 
used, some probe interaction occurs; that is, changes in the temperature of one probe affects other 
probes. The Radio Shack part listed is a short ribbon cable with a 16-pin DIP plug on each end. 
Cut one DIP plug off and use the cable with the one remaining plug. 

3. The 9-conductor cable goes from the game connector on the back (outside) of an Apple Le or IIc 
or IIGS to the interface box. The Radio Shack part listed is called a "Joystick Extension Cable." 
It is three meters long and has a sub-D plug (pins sticking out) on one end and a sub-D jack (with 
holes) on the other end. Cut the cable about one meter from the plug. You will use the shorter 
section with the plug. If you use a very long cable from the box to the computer, some interaction 
between the probes may develop. 

4. Even though there are only two leads to each probe, 3-conductor (stereo) mini phone jacks and 
plugs are recommended. The reason for this is if you use a metal box on which to mount your 
phone jacks, the bases of the phone plugs will be connected through the metal and this will cause 
problems. With 3-conductor plugs the base is not used and the problem 1s avoided. 

5. The tube for the probe body can be glass, metal or plastic. The primary considerations are 
durability, resistance to chemicals and heat capacity. 

6. The silicone sealant is used to keep water out of the inside of the probe tube. We have found 
Silicone II from General Electric to be very durable. It is available in many hardware and discount 
stores. The silicone sealant seems to tolerate exposure to most chemicals we have tested it in. 
Some exceptions: Paradichlorobenzene and napthalene will cause problems, especially if used for 
long periods. (Unfortunately, these chemicals are often used in cooling curve experiments.) 
Cyclohexane will dissolve the silicone sealant quickly. 

7. Heat shrink tubing is recommended for insulating electrical connections, especially inside the 
probe where space is limited. It is less bulky than using electrical tape. 


These circuits have been used extensively at Vernier Software. It is very unlikely that you would 
damage your computer in attempting to build or use these circuits. However, you should take care to 
double check your wiring before you connect these circuits to the computer. Vernier Software shall 
have no liability or responsibility to any person or entity with respect to any liability, loss or damage 
caused or alleged to be caused during construction or use of these circuits. 
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Probe 


A diagram of a completed probe is shown below: 


TO ADS90 LEADS: - + 


TWO CONDUCTOR 
WIRE 


SILICONE SEALANT 


INSULATED LEADS 
COMPLETED PROBE 


CL) 1. Solder the two conductor wire to the leads of the AD590 temperature 
transducer. The AD590 IC can be damaged by static electrical discharges. Touch a large metal 
object to remove any static electrical charges that may have built up on you before handling the 
transducer. The leads on the AD590 are shown below for the two different package styles. The last 
character of the Analog Devices part number identifies the package style. 


—_ PCGSITIVE LEAD 
e INDICATOR 
+o ©) NO COMMECTION 


ADS590 H PACKAGE (BOTTOM VIEW) AD590 F PACKAGE 


Notice that the diagram for the H (metal can) package is a bottom view (leads pointing at you) and 
there are three leads. Do not use the lead that is directly connected to the metal housing of the 
integrated circuit. Cut it off or at least make sure that it is not allowed to touch the other leads when 
the probe is completed. Notice that the positive lead is the one closest to the tab. On the F package 
part, a bump on one lead marks the + connection. 


If you are using heat shrink tubing, place the tubing over both of the wire leads. Place a heat sink 
(alligator clip or similar device) across the + lead of the AD590 before soldering to prevent 
overheating. Solder the wire to the + lead. Remember that the soldered leads from the temperature 
transducer will have to fit inside the probe tube, so keep the junction compact. 


Change the heat sink to the other lead and solder the wire to it in a similar manner. Insulate the two 
leads from each other. If you are using heat shrink tubing, move it into place and shrink it onto the 
solder joint. Plastic electrical tape can be used for this, but again remember that the wire and the tape 
must fit into the tube. The diagram below illustrates the assembly process: 
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HEAT 


SINK 
LEAD ABOUT TO 


BE SOLDERED my 


HEAT SHRINK y = 
TUBING 
LEAD ALREADY ADS90 
(OPTIONAL) SOLDERED 


CONNECTING THE WIRES TO AN AD590 


[) 2. Thread the wires from the AD590 through the tube. Pull the temperature transducer 
up to the end of the tube. Identify the wire which goes to the positive terminal on the AD590 so that 
you will know how to solder the phone plug on the other end. 


[} 3. Solder the stereo mini phone plug to the end of the probe wires. First slide the 
wire through the cap. The wire from the + lead of the AD590 should be soldered so that it is 
connected to the tip of the plug. The wire from the - lead should be soldered so that it is connected to 
the middle of the plug. Do not use the terminal that connects to the base of the plug. The diagram 
below shows the terminals on a typical stereo mini phone plug. Check the plug connections with an 
ohmmeter if you are not certain which terminals to use. 


MIDDLE TERMINAL 


TIP 


TIP TERMINAL 

MIDDLE 
BASE TERMINAL (NOT USED) 

STEREO MINI PHONE PLUG TERMINALS 


Make sure that the two wires do not touch any other metal; then slide the cap onto the plug. 


[] 4. Use a silicone sealant to glue and seal the AD590 to the end of the tube. It is 
very important to get a watertight seal around the sensor. The probe will not read properly if it gets 
wet. However, try not to get sealant on the flat end of the AD590. Sealant there will insulate the 
device from the environment and slow down its response to temperature change. 


[] 5. Place sealant at the top end of the tube. This serves two purposes: (1) It prevents 
solutions from getting down the tube if the probe is totally submerged; and (2) It reduces the chances 
of the wires wearing out where they bend at the end of the tube. 


Let the sealant dry while you assemble the interface box. 

OPTIONAL "EXTENSION CORDS" 

You can make up extension cords for use with the probes very inexpensively. Use a stereo mini- 
phone plug on one end and a stereo mini phone jack on the other end. Make the extension cord as 


long as you wish. Just plug the extension cord into the interface box and then plug the probe into the 
extension cord jack. 
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Interface Box 


The complete circuit for a Vernier Software +-probe system 1S shown below: 


+5Y 
PDLO 


PDLI . 


PDL2 


PLDS 


GND 


A 2-probe system is the same except only the PDLO and PDL] lines are used: 


} 4090 
cr BASE 
STEREO MINI PHONE PLUG MIDDLE 


a 
= 
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4.7uF 
4.7pF 
COMPLETE FOUR PROBE SYSTEM 


ADS90 


STEREO MINI PHONE PLUG 


JACK “Th 


2202 
GND miz 4.78 


COMPLETE TWO PROBE SYSTEM 
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O) 1. Prepare holes in the aluminum lid. Decide on the positions for mounting the stereo mini 
phone jacks on the box and mark the locations. If you are working with metal, center punch the 
spots. Drill holes of the proper size for mounting the jacks. The Radio Shack mini phone jacks 
require a 1/4 inch hole. (This step is already done for you if you are using a Vernier Software parts 
kit.) 


1) 2. Mount the jacks in the drilled holes. Tighten the retaining nuts firmly so that they will 
not work loose during use of the system. 


(1 3. Make connections to the stereo phone jacks. Determine which terminal on the stereo 
mini phone jack is connected to the middle of the plug when the plug is inserted. Use an ohmmeter to 
determine the correct terminal if it is not obvious by inspection. Solder one of the leads of one of the 
capacitors and one lead of one of the 220-Q resistors to this terminal. The diagram below shows 
assembly detail using two different Radio Shack stereo mini phone jacks. 


RADIO SHACK 


*274-250 RADIO SHACK 


$274-249A 


CAPACITOR 


m 2202 RESISTOR 


220 RESISTOR 


CONNECTING THE CAPACITOR AND RESISTOR TO THE MINI PHONE JACK 


Keep the leads of the capacitor and resistor short. This is to make sure that the bare wire on the leads 
will not touch anything it is not supposed to touch. Since the capacitors are rather large, you may 
need to give some thought to the positioning of the capacitors in the box. 


Repeat this step for each of your jacks. 


CJ 4. Solder a wire to the "tip" terminal of the jack. Determine which terminal on the 
stereo mini phone jack is connected to the tip of the plug when the plug is inserted. Solder a short (5 
cm) section of wire to this terminal. Connect and solder this wire to the tip terminal of one of the 
other jacks. If you are building a 4-probe system, repeat this procedure until the "tip" terminals of all 
four jacks are connected. Keep the bare wire portion short or insulate it. 


[] 5. Connect leads to the other side of the capacitor. Solder a short (5 cm) section of 
wire to the other side of the capacitor. Use heat shrink tubing or plastic electrical tape to avoid 
exposing a lot of bare wire on this end of the capacitor. Repeat for each capacitor. 


[] 6. Make room for the cable to the computer to leave the box. If you are using flat 
ribbon cable, cut a wide narrow notch in the side of the box to allow the ribbon cable to escape under 
the top of the box. If you are using round cable, drill a hole in the box and thread the cable through it. 
Tie a knot in the cable about 15 cm from the bare end of the cable. This serves as a "strain relief" for 
the cable. 


[] 7. Prepare the cable that goes from the interface box to the computer. It is best to 
keep this cable reasonably short (no longer than.about a meter). The details of this step depends on 
the type of game port connector you are using: 
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Using the 9-pin external game port (IIe, IIc or IGS): The 9-conductor cable with the 
sub-D connector which plugs into the back of the Apple Ile or IIc is shown below: 


2 = + 5V an 
3 =GND he 
4 = PDL2 (Ile or IIGS only) > 4 3 2 #1 

5 = PDLO 99 99 7° 6° 

8 = PDL! OO 0° 


(OUTSIDE BACK OF Ile, Ile, OR IIGS) (WITH PINS POINTING 


OUT OF PAGE AT YOU) 
9-CONNECTOR WHICH PLUGS INTO THE APPLE Ile, IIc, or IIGS 


There are usually small numbers marked on the plug identifying the pins. Identify, by using an 
ohmmeter, the leads that connect to the +5V, GND, PDLO and PDL1. Strip off some wire and 
label these leads. Separate the various leads of the cable so that each important wire can go in a 
different direction for the last 10 cm or so. 


Using the 16-pin game port connector (II Plus, Ile, or IIGS): 
A 16-connector ribbon cable with a DIP plug that is designed to connect to the game port inside an 
Apple II Plus, Ile, or IGS is shown below: 


1 ne +5V 
2 ANO 
3 ANI 
4 AN2 
S12) ans or 
6 PDL3 

PDL1 
v4 PDL1 PDL2 
8 ne GND 

16-PIN DIP PLUG 
APPLE GAME PORT (TOP VIEW) 


SOCKET 
(INSIDE Il+, Ile OR IGS) 
16-CONNECTOR RIBBON CABLE WITH PLUG 


Determine either by observation, or by using an ohmmeter, which wire connects to the +5V, 
GND, and four PDL pins. Separate the important wires. Strip off the insulation from the ends 
(Smm) of these wires. Label the wires with masking tape. 


CL) 8. Connect all of the capacitors to the GND from the computer. Solder each of the 


short wire leads that are connected to the capacitors together and at the same time to the GND lead 
from the computer. Insulate this connection carefully. 


[] 9. Connect all of the "tip" terminals to the "+5V" lead from the computer. Solder 


the +5V lead from the computer to the tip terminal of one of the jacks. Insulate this connection. 


CL] 10. Connect the PDL( ) lines to the jacks. For each probe you are using, solder a PDL 
line to the free end of one of the 220-Q resistors. Keep the exposed bare wire at these connections 


short. If you are building a 2-probe system use only the PDLO and PDL] lines. If you are building a 
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4-probe system, you will probably want to attach the four PDL lines in numerical order as you move 
from jack to jack across the box. 


[J 11. Check for uninsulated wires. Double check to make sure there are no bare wires 
touching that should not be touching. There should be very little bare wire visible. Remember that 
the box may get dropped and bumped. No wires should be able to touch accidentally, even if they 
move around. Mark the outside of the box so that the jacks for probes A and B (A,B,C, and D ona 
4-probe system) are identified. Probe A will be plugged into the jack attached to PDLO, Probe B is 
connected to PDL1, Probe C is connected to PDL2 (if used), and probe D is attached to PDL3 (if 
used). Close up the box. 


(J 12. Plug the temperature probes into the jacks on the interface box. Label the probes 
A and B for a 2-probe system and A,B,C, and D for a 4-probe system. 


Testing and Troubleshooting 


To test the hardware, turn off the computer and connect the temperature probe system to the game 
port. If you are using a 16-conductor ribbon cable, be very careful to match pin #1 of the plug with 
pin #1 on the Apple game port. Place the TEMPERATURE PLOTTER disk in the disk drive and turn 
on the computer. If the computer acts strangely or will not turn on, flip the power switch off and 
double check your circuit -- you must have an error in wiring, probably involving the +5V line. 


If the disk starts up normally (it takes about a minute to get to the Main Menu), use the SELECT 
PROBES option from the OTHER OPTIONS Menu to activate as many probes as you have available. 
Then, select mode M and have the program display the temperature. The temperature reading should 
be somewhere close to room temperature (plus or minus 30°). Warm the AD590 on each probe by 
breathing on it and check to see if the temperature reading increases. If these tests are normal, you 
have a working probe system and you can calibrate and start to use the system. 


If the probes are not all working properly, check the following: 


1. First identify whether the problem is in the probe or in the interface box. If a specific probe is not 
working and others are, switch the suspicious probe to different jacks. If the problem goes with 
the probe, then the problem must be in the probe rather than in the interface box. Refer to #2 
below. If the problem stays at the same jack, the problem is in the interface box (refer to #3 
below). If none of the probes are working, you either have a problem in the interface box or you 
made the same mistake in assembling each probe. Refer to #4 below, but also check #2 and #3. 


2. Troubleshooting for problems with an individual probe: 


Use the program in the CALIBRATION mode, CHECK COUNTS option, to see what count 
reading the probe is giving. If the count is 1, the probe is shorted. Check for a short inside the 
phone plug and inside the probe itself. If the count is -32000, either the probe is an open circuit 
(something is not connected) or the + and - leads on the AD590 may be reversed. 


3. Troubleshooting for problems with an individual jack: 


Make sure that the terminals on the stereo mini phone jacks and plugs are being used properly. 
Inspect this visually or use an ohmmeter to check the wiring from the pins that go into the game 
port to the terminals on the stereo phone plugs (temporarily remove the plug cap). The "tip" 
terminal should be connected to the +5V pin. Each "middle" terminal should be connected to a 
different PDL pin. 
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4. Troubleshooting for problems with the whole system: 


¢ Make sure the interface box is plugged into the computer. 

¢ Check the +5V and GND lines carefully, since they affect the whole system. The +5V line 
should go to the tip of each plug. The GND line should go to one lead of each capacitor. 

e Using an ohmmeter, check for an electrical connection between the middle terminals of any two 
different probes. There should be no electrical connection. This can lead to a problem of only 
one probe working properly at a time. For example, this can happen if you use the metal part of 
a box on which to mount the jacks; sometimes the probes can be interconnected through the box. 
The - terminals of AD590's are not at ground potential and they should not be electrically 
connected to the GND line or to the negative lead of another AD590. 


5. Ifthe readings are very high or low, make sure that you do not have a second device, such as a 
joystick or another temperature probe system, plugged into the other game port of the computer 


6. If none of this helps, contact us and we will try to help. 
Vernier Software 
2920 S.W. 89th St. 


Portland, OR 97225 
(503) 297-5317 
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TEMPERATURE PLOTTER III 
PROGRAM DESIGN NOTES 


Operating System 
The TEMPERATURE PLOTTER III disk uses the Apple ProDOS 8 disk operating system. 


Files 


Due to the limited amount of memory available for the BASIC program, the BASIC portion of the 
TEMPERATURE PLOTTER II program is divided into six parts. The functions of the program are 
divided into the parts as follows: 


PART.ONE: Initialization (loads files), Main Menu, Monitor Temperatures, Data Table and Delete 
Data 


PART.TWO: Graphing (mode P) 
PART.THREE: File Options, Other Options 
PART.FOUR: Calibration 

PART.FIVE: Real Time Graphing 
PART.SIX: Strip Chart Recorder 


The following other files are included on front side of the disk: 


STARTUP: This short program is run when the disk is booted. It first displays the title page. It then 
checks the type of computer being used. If the computer has 128K of RAM, the files PART.ONE, 
PART.TWO, PART.THREE, PART.FIVE, and PART.SIX are loaded into the upper 64K of RAM. 
This allows faster access to the other portions of the program. The STARTUP program then 
initializes many of the variables used in the program, and runs the PART.ONE program. If 
TEMPERATURE PLOTTER IT is interrupted at any point and you want to start it again, you may 
run the STARTUP program. 


TEMP: This is the machine-language program that does the actual check of the input from the 
temperature probe circuit. It is "called" by the TEMPERATURE PLOTTER program whenever a 
temperature is to be monitored. This program is loaded into memory locations $D00 to $DB7. The 
“count” reading from the temperature probe is placed in memory locations $D00 and $D01. 


TP.LOGO: The high-resolution graphics title page containing the Vernier Software logo. 


FONT: This is really a large shape table. It includes all of the upper case letters, all numbers and 
some symbols. It contains the ASCII characters 32-96. It is loaded into memory at $1500 (5376) 
when PART.ONE is run. 


MISC.300: This contains four machine-language routines. The first routine ($300-34A) is used to 
read the time if the Apple IIGS real time clock is selected. The second routine ($34B-35A) is used to 
determine if the computer is an Apple IIGS. Its result is stored in location ($35B). The third routine 
($35D-360) is used to release memory buffers when the Quit option is selected from the Main Menu. 
The fourth routine ($361-36B) clears the stack when an error occurs. This is necessary due to a bug 
in the Applesoft ONERR routine. The entire block is loaded into memory at $300 (768) by the 
STARTUP program. 


RAM.LOADER: A short EXEC file that loads five parts of the BASIC program into /RAM if the 
computer has at least 128K of random access memory. 
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XXXXXX.CAL.V (where XXXXXX can be any name): This is the calibration file created and used 
by the program for AD590 temperature probes. This calibration file is a sequential text file containing 
the following information: 


CT$ Name of calibration file 
DT$ Date of calibration 
NA$ Name of person doing the calibration 
"V" Type of probe setup being used 
Repeat the following for each of the four probes (P): 
T(1,P) T@2,P) Calibration temperature readings 
CB(1,P) CB(2,P) Calibration count readings 
SL(P) Slope 
AC(P) Probe status (1 = on, 0 = off) 
U$ Temperature units (C = Celsius, F = Fahrenheit, K = Kelvin 
CL$ Clock type (S = Software, M = Mountain, P = ProDOS clock, G = GS clock) 
CL Slot number of clock card 
PR Printer slot number 


XXXXXX.CAL.T (where XXXXXX can be any name): This is the calibration file created and used 
by the program for thermistor temperature probes. This calibration file is a sequential text file 
containing the following information: 


CT$ Name of calibration file 
DT$ Date of calibration 
NA$ Name of person doing the calibration 
"T" Type of probe setup being used 
Repeat the following for each of the four probes (P): 
T(1,P), T(2,P), T(3,P) Calibration temperature readings 
CB(1,P), CB(2,P), CB(3,P) Calibration count readings 
CA(1,P), CA(2,P), CA(3,P) Calibration factor 
AC(P) Probe status (1 = on, 0 = off) 
U$ Temperature units (C = Celsius, F = Fahrenheit, K = Kelvin) 
CL$ Clock type (S = Software, M = Mountain, P = ProDOS clock, G = GS clock) 
CL = Slot number of clock card 
PR Printer slot number 


XXXXXX.CAL.P (where XXXXXX can be any name): This is the calibration file created and used 
by the program when using the PASCO Radiation Absorber. This calibration file is a sequential text 
file containing the following information: 


TI$ Name of calibration file 
DT$_ Date of calibration 
NA$ Name of person doing the calibration 
"P" Type of probe setup being used 
Repeat the following for each of the four probes (P): 
T(,P), T(2,P), TG,P) Calibration temperature readings 
CB(1,P), CB(2,P), CB(3,P) Calibration count readings 
CA(1,P), CA(2,P), CA(3,P) Calibration factor 
CF(P) Calibration offset 
AC(1-4) Probe status (1 = on, 0 = off) 
U$ Temperature units (C = Celsius, F = Fahrenheit, K = Kelvin) 
CL$ Clock type (S = Software, M = Mountain, P = ProDOS clock, G = GS clock) 
CL = Slot number of clock card 
PR ‘Printer slot number 


IM.HIRES.1C00.0: This is a short machine-language program that allows the page one high- 
resolution graphics created by this program to be printed on an Apple Imagewriter printer. This is a 
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modified version of a program written by Apple Computer Inc. It is loaded into memory at $1C00 
(7186) when PART.ONE runs. 


INPUT: A machine-language input routine. It is loaded into memory at $800 (2048) when 
PART.ONE runs. 


(Sample data files): There are several sample data files intended to provide some data for 
experimentation with TEMPERATURE PLOTTER III. These files are described in the Teacher's 
Guide. 


XXXXXX (any legal file name): These are sequential text files used to store the data when the 
NORMAL file type is chosen. The file is organized as follows: 


HL$ Label for independent variable 

HU$ Units for independent variable 

VL$_ Label for dependent variable 

VU$ Units for dependent variable 

X(1), YJ) (independent variable, dependent variable) 

X(2), Y(2), X(3), Y(3), X(N), YCN) 9999, 9999 (end of file markers) 

PB (dummy variable set to 4 for compatibility with GRAPHICAL ANALYSIS II) 
N(0-4) (series end markers, which mark the end of the data from each probe) 


XXXXX.DIF (any legal file name, with the suffix ".DIF"): This is a data file saved in the DIF 
format. This is a computer industry standard method of storing data. These files can be loaded into 
the AppleWorks spreadsheet and other programs. 


REMed Versions of the Program 


The reverse side of the TEMPERATURE PLOTTER III disk contains versions of the six parts of the 
BASIC Program with REM statements. To make this program fit into memory and still allow room 
for 480 data pairs, the working version of this program (on the front side of the disk) had to be 
"compressed" as much as possible. All REM statements were removed and program lines were 
combined. The Beagle Bros program COMPACT, which is on the "D Code" disk, was used. The 
disadvantage of this compacting is that it makes the program difficult to read. For those of you who 
want to modify this program, we have included the full size versions of all six parts of the BASIC 
program (with REMs) on the reverse side of the TEMPERATURE PLOTTER III disk. These six 
programs have the names PART.ONE.REM, PART.TWO.REM, PART.THREE.REM, 
PART.FOUR.REM, PART.FIVE.REM, and PART.SIX.REM. To load these programs into 
memory, flip over the TEMPERATURE PLOTTER III disk and load the program. 


Notes: 

1. The REMed versions of the programs will not run. They take up so much memory that there is no 
room for the variables. 

2. The back side of the disk is "write protected," so you cannot save anything on it (not even a 
changed version of the programs you read off of it). 

3. As part of the "compacting," program lines are often combined together. This means that there is 
not a one-to-one match in program lines between the REMed and the working versions of the __ 
program. 

4. One way to use the REMed versions of the programs is to study them to learn what changes you 
need to make to the working versions of the program. 

5. Another way to use the REMed versions is to actually change them. After you make your 
changes, use the the Beagle Bros "D Code" disk to combine lines and save enough space so that the 
programs will run. 
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Routines 


The following main routines are called from the Main Menu of the BASIC program: 


ve 


oe 
> 
ve 
oe 
w®@ 
> 
ve 
@- 
- 
Lo 
dg 


LINENUMBERS ROUTINE 


PART.ONE: 
2000-2810 
12000-12999 
13000-13999 
14000-14999 
18000-18999 
16000-16999 
30000-30999 
60000-62999 


PART.TWO: 
20000-29999 
60000-62999 


PART.THREE: 
30000-38999 


30000-30999 
31000-31999 
32000-32999 
33000-33999 
34000-34999 
35000-35999 
36000-36999 
37000-37499 
37500-37999 
38000-38999 
39000-39999 
39000-39099 
39104-39352 
39360-39472 
39480-39712 
39720-39816 
39824-39912 
60000-60999 


PART.FOUR 


42000-42999 
42100-42199 
42200-42299 
42300-42399 
42400-42499 
42500-42999 
49000-49999 

60000-60999 


PART.FIVE 
50000-59999 
60000-60999 


PART.SIX 
40000-41999 
60000-60999 


INITIALIZATION AND MAIN MENU 

MONITOR TEMPERATURES 

DISPLAY/PRINT DATA TABLE 

DISPLAY DATA TABLE MENU 

LARGE PRINT DATA TABLE 

DELETE DATA 

CHAINING (CONNECTS TO OTHER PARTS OF PROGRAM) 
ERROR HANDLING 


PLOT GRAPH 
ERROR HANDLING 


FILE OPTIONS 

FILE OPTIONS MENU 

LOAD FILE 

CREATE SUBDIRECTORY 

SAVE DATA 

SAVE SELECTED PROBE 

DELETE FILE 

SELECT DATA DRIVE 

CATALOG 

SET PREFIX 

SELECT FILE NAME (USED INTERNALLY) 
OTHER OPTIONS 

OTHER OPTIONS MENU 

SELECT PROBES 

SELECT UNITS 

SELECT CLOCK 

SELECT PRINTER SLOT 

SELECT TIME-OF-DAY/RELATIVE TIME 
ERROR HANDLING 


CALIBRATION OPTIONS 

READ COUNTS 

CHECK CURRENT CALIBRATION 
LOAD CALIBRATION FILE 

SAVE CALIBRATION FILE 
CALIBRATE PROBES 

SELECT FILE NAME 

ERROR HANDLING 


REAL TIME GRAPHING 
ERROR HANDLING 


CHART RECORDER 
ERROR HANDLING 


Utility Subroutines 


The following short subroutines are frequently called during program operation. They are placed at 


the beginning of the program to improve the speed of the program operation: 
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LINE NUMBERS $SUBROUTINE 


100-199 
100-199 
200-299 
300-399 
400-499 
500-599 
600-699 
600-699 
700-799 
700-799 
800-899 
800-899 
800-899 
900-949 
950-999 
1000-1099 
1100-1199 
1200-1299 
1200-1299 
1300-1399 
1400-1499 
1500-1599 
1700-1799 
1800-1899 
1900-1999 


ROUNDING TO 0.0001 

ROUNDING TO 3 SIGNIFICANT DIGITS 

INPUT 

MENU SUBROUTINE 

YES/NO QUESTION 

READ TEMP 

LARGE PRINT 

PLOT A POINT 

HIRES PRINTING 

LARGE PRINT DEGREE UNITS 

DISPLAY LEGAND 

INTEGER COLUMN PRINT 

PRINT TABLE HEADINGS (used in modes M and T) 
CONVERT TIME (DD:HH:MM:SS TO # OF SECONDS) 
CONVERT TIME (# OF SECONDS TO DD:HH:MM:SS, WITH LEADING ZEROS) 
GET KEYPRESS 

DISPLAY TIME IN HH:MM:SS FORMAT (NO LEADING ZEROS) 
READ CALIBRATION FILE 

TIME SCALING 

DISPLAY PROBE STATUS 

STYLE SELECTION MENU 

DISPLAY COUNTS 

SET UP PROBES 

SAVE CALIBRATION FILE 

CHAIN BACK TO PART ONE 


Memory Organization 


The STARTUP program on the TEMPERATURE PLOTTER III disk immediately sets the Apple's 
LOMEM: to $4000 (16384). This causes the BASIC portions of the program to load into memory 


above the page-one, high-resolution graphics. The memory locations from $800 to $1FFF are used 


to load the machine-language routines and the font used by the BASIC programs. The Apple's 
memory is then used as shown below: 
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MAIN MEMORY AUXILIARY MEMORY 
(128K COMPUTERS 
ONLY 


/RAM 
USED TO STORE 
FIVE PARTS OF 


THE BASIC PROGRAM 
VARIABLES 
AND 


BASIC 


ON COMPUTERS WITH 
128K OF MEMORY 


BY HI-RES GRAPHICS 


Ld 


TEMPERATURE PLOTTER III MEMORY MAP 


The memory locations from $800 to $1FFF are used to load the machine-language routines and the 
font used by the BASIC programs: 


$1C00-$1FFF IM.HIRES.1C00.0 (Imagewriter graphics printing routine) 
$1500-$1BFF FONT (hi-res graphic characters) 

$1000-$12FF LP.1000 (large print characters) 

$D00-$DFF TEMP.0 (machine-language temperature reading routines) 
$800-$BFF INPUT routine 


The TEMP Program 


As mentioned above, the actual checking of the signal from the temperature probe hardware is done 
by the machine-language program TEMP. This program is an improved version of the Apple's game 
paddle-checking routine PREAD. It reads out a 16-bit value rather than an 8-bit value. Another 
improvement is that it takes the same amount of time (about one second), regardless of the signal at 
the paddle. 


Before the BASIC program transfers control to the TEMP program, a POKE statement is used to 
specify the probe to be read. Memory location $D02 is used. For example, to read probe B, first use 
the statement POKE 3330,2. Next, the BASIC program does a CALL 3331 command. This 
begins execution of the machine-language, paddle-check routine. When the routine ends (in about 0.4 
seconds), control is returned to the BASIC program. BASIC then performs two PEEK statements to 
calculate the count as follows: 


count = PEEK (3328)+256 * (PEEK (3329) -NN) 


Memory location 3329 is the low byte of the count. Memory location 3330 is the high byte. NN is 
subtracted because the high byte starts counting at NN. The count is converted into a temperature 
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reading using BASIC. The method of calculation is slightly different depending on whether a Vernier 
Software AD590 temperature probe system or a thermistor temperature probe system is being used. 


Rounding 
Numbers displayed by this program are rounded as shown below: 


Temperatures are rounded to the nearest 0.1 degree 
Numbers used in labeling graphs are rounded to three significant digits 


Statistics 
The standard deviation displayed in the data table is calculated using the equation: 


Error Handling 


If an error occurs during the operation of this program, an error message will be displayed briefly 
and the program will return to the Main Menu. 


Modifications 


The following is a list of possible changes to TEMPERATURE PLOTTER III. We recommend you 
make a back-up copy of the original disk before making any changes. When you make modifications, 
save the changed program with the same name.! Always run the program STARTUP to begin 
TEMPERATURE PLOTTER III. The line numbers listed here refer to the working versions of the 
BASIC program (front side of the disk). Remember that there are REMed versions of the BASIC 
program on the reverse side of the disk that can be used as a reference. 


Remove "delete file" option: If you are concerned about students deleting files that should not 
be destroyed, change line 35000 of PART.THREE to: 35000 RETURN 


Return to normal Applesoft error messages: As written, the program will automatically jump 
to the Main Menu whenever any error occurs. If you would like to have normal Applesoft error 
handling procedures followed, delete the ONERR GOTO 60000 from the program. It occurs in a 
number of places, usually near the first portion of the program which is executed. In the file options 
section of PART.THREE there are several ONERR statements. 


Eliminate the use of /RAM for storing the parts of the BASIC program: When the 
STARTUP program runs, it identifies the computer being used. If the computer has at least 128K of 
RAM, it stores five parts of the BASIC program in /RAM. This speeds up the linking between the 
three parts of the program. The disadvantage is that much of /RAM is used and is not available for 
other purposes, such as data storage. If you do not want to use /RAM for storing the program, delete 
line 160 from the STARTUP program, save the STARTUP program and reboot the computer. 


Adjust the time taken for each temperature reading: The program is designed to take 
approximately 1 second for each temperature reading. This allows temperature measurements to "tick 
off the seconds" and provides the basis of the software clock. The time taken for each reading can be 
adjusted. There are several reasons why you might want to do this: (1) If you are using a ProoDOS 
clock or an Apple IIGS clock, you do not need this one second time base, so you may want to speed 


I The different portions of the BASIC program "RUN" the other programs by referring to them by name. If you change 
the name of a program, you will have to change several lines of the program code. 
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up the temperature readings; and (2) If you find that the temperature readings are too slow or too fast 
using the software clock you can make an adjustment for better accuracy. 


To change the time taken for each temperature reading, change the value assigned to the variable NN 
in line 2215 of PART.ONE. Increasing NN will decrease the time taken for each reading. The value 
of NN should not be changed to more than 150. 


Select TIME-OF-DAY TIMEKEEPING mode when the program starts: If you like to 
use TIME-OF-DAY TIMEKEEPING mode most of the time, you can change the program so that this 
is the standard method of displaying times. Change line 2225 of STARTUP so that it sets TF=1. 


Change the graph style preset selections: As shipped, the preset graph style when the 
program starts is point protectors ON and all other options OFF. You can change this by changing 
line 2220 of STARTUP. Each of the array elements GS( ) should be set to 0 (for OFF) or 1 (for 
ON). The elements correspond to the graph style options as displayed on the Graph Style Options 
Menu. 


Eliminate recalibration option: If you have a problem with students inappropriately changing 
the calibration file, there are two things you can do: (1) Write protect the disk you are using. The 
only disadvantage is that you will not be able to save data on that disk. (2) Change line number 
30060 from the PART ONE program so that itreads: GOTO 2460. This will effectively remove 
mode Z from the program. 


Table of Variables and Constants 


AB = CONSTANT USED IN LARGE PRINT SUBROUTINE 

AC = ASC CODE FOR THE CHARACTER BEING DISPLAYED 

AC(4) = PROBE STATUS (1=ACTIVE, 0=INACTIVE) 

AL = ALARM SET FLAG USED IN MONITORING TEMPERATURES 
BAS = BASE STRING USED IN STRIP CHART 

BL = LEFT SIDES OF A BAR ON A BAR GRAPH 

BR = RIGHT SIDES OF A BAR ON A BAR GRAPH 

BR$ = 48 CHARACTER STRING USED IN CHART RECORDER (STRING CONSTANT) 
BS = BAR GRAPH SHADING SPACING 

BT = BEGIN TIME USED IN STRIP CHART 

BX = HALF WIDTH OF BAR ON BAR GRAPH 

CA = CONSTANT USED IN LARGE PRINT 

CAQ = CALIBRATION CONSTANT USED IN READING THERMISTORS 
CBQ = COUNTS USED IN CALIBRATION 

CC = 256 (CONSTANT) 

CD = THE POSITION OF THE DECIMAL POINT - USED IN ROUNDING 
CE = THE POSITION OF THE EXPONENTIAL SIGN, USED IN ROUNDING 
CF() = FUDGE FACTOR USED IN CALIBRATION 

CH = CHARACTER POSITION IN STRING 

CH$ = STRING USED IN CHAINING 

CL = CLOCK SLOT NUMBER 

CL$ = CLOCK TYPE INDICATOR 

CM = CALIBRATION MULTIPLE (FOR THERMISTOR CALIBRATION) 
CN = CLOCK NUMBER (1 TO 4) 

CO = LAST CALIBRATION OPTION SELECTED 

CR = ASCII CODE 

CR$ = USED TO STORE A SINGLE CHARACTER 

CT$ = CALIBRATION FILE NAME 

CTQ = COUNT READING USED FOR CALIBRATION 

D$ = DISK CONTROL STRING (ALWAYS EQUALS CNTRL D) 

DO = STANDARD DEVIATION USED IN STATISTICS 

DA$ = 39 HYPHENS (STRING CONSTANT) 
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DB = 2048 + 512 (CONSTANT, MEMORY ADDRESS USED IN INPUT) 
DD = 86400 (CONSTANT, SECONDS IN A DAY) 

DF$ = PRESET ENTRY AND OUTPUT FROM INPUT ROUTINE 

DH = HIGHEST LINE NUMBER TO BE DELETED 

DI = DIFFERENCE BETWEEN DH AND DL 

DL = LOWEST LINE NUMBER TO BE DELETED 

DP = POINTER TO HYPHEN IN DELETION STRING 

DR% = DISK DRIVE NUMBER 

DT = DELTA TIME 

DT$ = DATE OF CALIBRATION 

DY = DAY 

DY$ =THE DAY IN STRING FORMAT 

EC = ERROR CODE NUMBER 

EL = LINE NUMBER AT WHICH ERROR OCCURRED 

ES$ = "PRESS <ESC> TO EXIT" (STRING CONSTANT) 

EX = EXIT TYPE FROM INPUT SUBROUTINE (1 = <RETURN>, 2 = <ESC>) 
FC = FACTOR USED IN ROUNDING 

FF = 3330 (CONSTANT) 

FI$ = CALIBRATION FILE NAME 

FO = FILE OPTIONS MENU SELECTION 

FR = FIRST RUN (FLAG FOR R.T. GRAPHING) 

GS = APPLE IIGS SPEED SETTING 

GS( = GRAPH STYLE OPTIONS 

H = HORIZONTAL PRINT POSITION 

HB = SIZE FOR HORIZONTAL ERROR BARS 

HD = HORIZONTAL SCALING DEFAULT 

HD$ = TITLE OF THE GRAPH 

HH = 0.5 (CONSTANT) 

HI = HIGH TEMPERATURE ALARM LIMIT 

HL = POSITION OF LEFT EDGE OF GRAPH ON VIDEO MONITOR 
HL$ = HORIZONTAL AXES LABELS 

HM$ = HORIZONTAL LABEL AFTER MODIFICATION 

HO = HOUR USED IN DISPLAY TIME 

HO$ = STRING OF HOUR USED IN DISPLAY TIME 

HP = HORIZONTAL ERROR BARS PERCENT FLAGS 

HR = POSITION OF RIGHT EDGE OF GRAPH ON VIDEO MONITOR 
HS = STARTING VALUE ON HORIZONTAL AXES 

HT = ADJUSTED ERROR BAR LENGTH ON HORIZONTAL AXES 
HU = 3600 (CONSTANT, SECONDS IN AN HOUR) 

HU$ = HORIZONTAL AXES UNITS 

HZ = 4100 (CONSTANT USED IN LARGE PRINT) 

I$ = GENERAL USE STRING 

| = GENERAL LOOP COUNTER 

Il = GENERAL LOOP COUNTER 

IE = 2048 (CONSTANT, ADDRESS OF INPUT ROUTINE) 

J = LOOP COUNTER INDICATING THE DATA PAIR BEING PROCESSED 
JJ = 3328 (CONSTANT) 

KB = KEYBOARD STATUS INDICATOR 

KC = 49152 (CONSTANT, KEYBOARD CHECK BYTE) 

KK = 3329 (CONSTANT) 

KP = 49168 (CONSTANT, KEYBOARD STROBE BYTE) 

L$Q = MENU LABEL 

LG = TEMPORARY LOG USED IN READING THERMISTOR 

LL = 302585 (CONSTANT, LOG (BASE E) OF 10) 

LO = LOW TEMPERATURE ALARM LIMIT 

LP = LARGE PRINT FLAG USED IN MONITORING TEMPERATURES 
LS = LOG TO THE BASE 10 OF S ("B" SCALING) 

LW = SPACE BETWEEN LETTERS 

MO = MEAN OF TEMPERATURES 

MA = MAXIMUM ALLOWED NUMBER OF TEMPERATURE READINGS 
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MAO = MAXIMUM TEMPERATURE READ (FOR EACH PROBE) 

MC = 3331 (CONSTANT, START OF MACHINE CODE TEMPERATURE READING PROGRAM) 
MI = MINUTE USED IN DISPLAY TIME 

MI$ = STRING OF MINUTE USED IN DISPLAY TIME 

MIO = MINIMUM TEMPERATURE READ (FOR EACH PROBE) 

MM = 60 (CONSTANT, SECONDS IN A MINUTE) 

MN = MINIMUM ANTICIPATED TEMPERATURE DEFAULT 

MO = MAIN OPTION - THE LAST OPTION SELECTED ON THE MAIN MENU 
MT = MAXIMUM ANTICIPATED TEMPERATURE DEFAULT 

MX = MINIMUM HORIZONTAL VALUES TO BE PLOTTED 

MY = MINIMUM VERTICAL VALUES TO BE PLOTTED 

N$ = FILE NAME 

NO = SERIES MARKERS 

NA = NUMBER OF ACTIVE PROBES 

NA$ = NAME OF PERSON DOING CALIBRATION 

NE = MAXIMUM NUMBER OF TEMPERATURE READINGS PER PROBE 
NE$ = EXPONENTIAL PART OF NUMBER STRING 

NF = THE NUMBER OF FILES 

NM$ = NON-EXPONENTIAL PART OF NUMBER STRING 

NN = 96 (CONSTANT) | 

NR = NUMBER OF TEMPERATURE READINGS PER PROBE 

NS = NUMBER OF SELECTIONS AVAILABLE 

NU = NUMBER BEING ROUNDED 

NU$ = ROUNDED NUMBER IN STRING 

O$ = ORIENTATION OF HGR LETTERS 

OO = 1 (CONSTANT) 

OS = LAST HIGHLIGHTED SELECTION IN THE MENU 

OSO = OFF SCREEN FLAG 

OT = OFFSET TIME 

P= DATA SERIES CURRENTLY BEING USED 

P$ = TEMPERATURE SYSTEM TYPE ("V"=AD590, "T"=THERMISTOR, "P"=PASCO R.A.) 
PA(Q) = PROBE PLOTTING STATUS (1=TO BE PLOTTED, 0=NOT TO BE PLOTTED) 
PF$ = ACTIVE PRODOS PREFIX 

PG = POWER OF 10 USED IN "B" SCALING 

PL = FIRST PROBE READ 

PN$ = "PRESS <RETURN> TO CONTINUE" (string constant) 

PR = PRINTER SLOT NUMBER 

PR$ = STRING TO BE PRINTED 

PS$ = TEMPERATURE PLOTTER III DISK PREFIX 

PT = PRINTER TYPE SELECTION 

PW = POWER USED IN ROUNDING 

Q = ASCII CODE FOR KEY IN MENU SUBROUTINES 

QO = SUM OF THE SQUARES USED IN CALCULATING STATISTICS 

Q$ = KEY PRESSED IN MENU SUBROUTINES 

QM$ = QUOTATION MARK | 

QQ = TEMPORARY NUMBER VARIABLES 

QQ$ = TEMPORARY STRING VARIABLES 

RE = ADDRESS OF THE INPUT ROUTINE 

RO = NUMBER OF SIGNIFICANT DIGITS TO BE USED 

RP = NUMBER OF POINTS TO RECORD (MODES R AND S) 

S = STARTING POWER OF 10 ("B" SCALING) 

S$O = MENU LETTER 

SQ = SUM OF TEMPERATURES FOR EACH PROBE 

SA = SCALING USED IN STRIP CHART 

SAO = SAVE SELECTED PROBE STATUS FLAG 

SB = 2048 + 256 (CONSTANT, STATUS BUFFER ADDRESS IN INPUT SUBROUTINE) 
SC = SECONDS USED IN DISPLAY TIME 

SC$ = STRING OF SECONDS USED IN DISPLAY TIME 

SE = SELECTION 

SEQ = SELECTION ARRAY USED IN SELECTING GRAPH STYLE 
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SF = STORE THIS LINE OF DATA FLAG 

SL% = SLOT, USED IN SELECT DATA DISK 

SLO = SLOPE OF CALIBRATION LINE 

SN$ = SIGN STRING 

SO( = USED IN THE CALIBRATION OF THERMISTORS 

SS = SKIP SCALING (FLAG USED IN GRAPHING) 

ST = STORE DATA FLAG 

SZ = PRINTOUT SIZE SELECTION 

TQ = TEMPERATURES USED DURING CALIBRATION 

TB = TEMPORARY ERROR BAR ENDPOINT 

TD = TIME DELAY BETWEEN READINGS 

TEQ =TEMPORARY TEMPERATURE READING FOR EACH PROBE 
TF = TIME FLAG (0 IF RELATIVE, 1 IF ABSOLUTE TIME) 

TI = TIME USED WITH SOFTWARE CLOCK 

TI$ = GRAPH TITLE 

TIQ = TEMPORARY TIME READING FOR EACH PROBE 

TL = TIME AT WHICH DATA WAS LAST STORED 

TM = TEMPERATURE MULTIPLIER 

TS = TOTAL NUMBER OF SECONDS (USED IN DISPLAY TIME) 
TT = 10 (CONSTANT) 

TX = TEMPORARY X VALUE (USED IN REAL TIME GRAPHING) 
TY = TEMPORARY Y VALUE (USED IN REAL TIME GRAPHING) 
U$ = TEMPERATURE UNITS ("C", "F", OR "K") 

V = VERTICAL STARTING POSITION FOR CHARACTER 

VB = SIZE FOR VERTICAL ERROR BARS 

VD = VERTICAL SCALING DEFAULT 

VL$ = VERTICAL AXES LABELS 

VMS = VERTICAL LABEL AFTER MODIFICATION 

VP = VERTICAL ERROR BARS PERCENT FLAGS 

VS = STARTING VALUE ON VERTICAL AXES 

VT = ADJUSTED ERROR BAR LENGTH ON VERTICAL AXES 
VU$ = VERTICAL AXES UNITS 

VZ = 4101 (CONSTANT, USED IN LARGE PRINT) 

WI% = NUMBER OF CHARACTERS ALLOWED IN INPUT 

WW =2 (CONSTANT) 

X = HORIZONTAL POSITION - IN STRIP CHART RECORDER 
X() = HORIZONTAL AXIS DATA 

XL = LEFT EDGE OF MENU PRESENTATION 

XL( = END OF POINT-TO-POINT LINE ON GRAPH 

XM = MAXIMUM HORIZONTAL VALUES TO BE PLOTTED 

XP = HORIZONTAL VALUE TO BE PLOTTED (AFTER SCALING) 
XS = HORIZONTAL SCALE FACTORS 

XX = 768 (CONSTANT) 

YO = VERTICAL AXIS DATA 

YLQ = END OF POINT-TO-POINT LINE ON GRAPH 

YM = MAXIMUM VERTICAL VALUES TO BE PLOTTED 

YP = VERTICAL VALUE TO BE PLOTTED (AFTER SCALING) 
YS = VERTICAL SCALE FACTORS 

YU = TOP EDGE OF MENU PRESENTATION 

ZZ = 0 (CONSTANT) 


Listing and Modification 


This information is provided to make it easier for you to modify this program for your own special 
purposes. The program is not copy protected. It is copyrighted. Experienced programmers will 
probably be able to make minor changes to the BASIC program. Changes to the machine-language 
programs will be more difficult and will necessitate additional changes to the BASIC programs. 
Please respect our copyright on this program. If you have questions about the program, contact us. 
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Appendix A 
New Features of TEMPERATURE PLOTTER III 


The following is a list of major differences between this program and the original TEMPERATURE 
PLOTTER program: 


¢ Operating system: The disk uses the ProDOS 8 operating system, which makes it easier to use 
3.5 inch disk drives, hard disks and RAM disks. You can store data on the TEMPERATURE 
PLOTTER III disk without knowing anything about ProDOS except the file name rules. To use all 
the file handling options of the program efficiently, you will need to be familiar with ProDOS. 


¢ AppleWorks compatibility: Data files can be transferred to AppleWorks by using the DIF file 
format. For details see the "File Options" section of the User’s Guide. 


¢ Improved "user interface": The "look" of the program is similar to AppleWorks and many 
other programs. Menu selections can be made by using the arrow keys. One menu item is 
highlighted. Pressing <RETURN> enters your selection. Values being entered can be edited with 
standard keystrokes (<CONTROL><X>, <DELETES>, etc.). The <CAPS LOCK> key does not 
need to be pressed. The <ESC> key can be used to return to the Main Menu. 


¢ Supports thermistors and the PASCO Radiation Analyzer: The program will now 
accurately read temperatures from Vernier Software AD590 temperature probes, thermistors or the 
PASCO Radiation Analyzer. 


¢ Improved real time graphing: Real time graphing now allows you to control the time taken to 
move across the screen. 


¢ New strip chart recorder mode: A new mode has been added which allows you to use your 
printer as a strip chart recorder to collect data. You have control over the interval between the 
temperature readings and the time for the experiment as well as the scaling. 


¢ Flexible probe selection: You can activate each of the four possible temperature probes 
independently. For example, it is now possible to have just probes A and C activated. 


¢ Temperature alarms: Maximum and minimum temperatures can now be set so that the computer 
will make a sound it the limits are exceeded. The annunciator output lines of the game port are also 
activated so that if the appropriate hardware is available, heaters or other alarms can be controlled. 


¢ New features added to the graphs: The graph style choice now allows you to activate any of 
the following features independently: 


- point protectors - error bars (vertical and/or horizontal) 
- point-to-point line - bar graph 

- grid background - legend identifying point protectors 

- title that may be customized. 


The graph style selection menu is a little different from other menus. Move to the style selection 
you want and activate it by pressing the <SPACE BAR>. 


¢ Improved scaling: C - MANUAL SCALING has been improved so that if you select the value 
to be used at the origin, the program will suggest the appropriate value to be used for the scale. 


¢ The appearance of the graphs has been improved: An improved font is used for the labels 
on the axes. Two labeled tickmarks are included on the horizontal axis. The vertical axis is labeled 
with letters rotated counterclockwise to make it easier to read. A title is included on every graph. 


¢ Graph selected probes only: You can now choose to graph data from selected probes from a 
data table. 


« New file handling features: The program allows you to set the ProDOS 8 prefix, do a catalog, 
delete a file or create a subdirectory. SELECT DATA DISK provides a simple way of specifying a 


TEMPERATURE PLOTTER IITA pendix A 
¢ New file handling features: The program allows you to set the ProDOS 8 prefix, do a catalog, 
delete a file or create a subdirectory. SELECT DATA DISK provides a simple way of specifying a 


disk for data storage. The LOAD FILE option now displays a list of files and allows you to select 
one by number. 


¢ More flexibility in printing graphs: Built-in screen dumps for Grappler+ card, PKASO/U 
card or Imagewriter printer are included. The size of the graph is selectable and an optional form 
feed may be included. 


¢ Graphs may be saved on disk as a file: The Graph Follow-Up Menu allows you to create a 
BINARY file containing the image of your graph on disk. 


¢ Uses /RAM: TEMPERATURE PLOTTER III identifies the computer being used, and if the 
computer has at least 128K of RAM, the four parts of the BASIC program are loaded into /RAM to 
allow faster transfer between the three parts of the program. 


¢ Takes advantage of the Apple IIGS speed and built-in clock. The program automatically 
changes the system speed of an Apple IIGS to fast except for time critical operations. The result is a 
faster operation, especially on data tables and graphing. The program can also be set to read the 
Apple IIGS clock. 


¢ Working and REMed versions of the program: To make everything fit into memory, the 
working versions of the BASIC program have been compressed. The full size versions with man 
REM statements are included on the reverse side of the TEMPERATURE PLOTTER III disk. 


THINGS YOU CANNOT DO WITH TEMPERATURE PLOTTER III: 


¢ You cannot use file names more than 15 characters long or containing spaces or 
dashes: ProDOS is more restrictive than DOS 3.3 in the naming of files. If you are not familiar 
with ProDOS, you may want to look over the Apple manuals to learn some its rules. 


¢ You cannot load DOS 3.3 files without conversion: Since TEMPERATURE PLOTTER 
[it uses the ProDOS 8 operating system, you cannot load a data file created with the original 
TEMPERATURE PLOTTER program. 
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Appendix B 
AD590 DATA SHEETS 


(Printed with permission of Analog Devices Incorporated) 
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FEATURES 

Linear Current Output: 14:A/K 

Wide Range: -55°C to +150 °C 

Probe Compatible Ceramic Sensor Package 

Two-Terminal Device: Voltage In/Current Out 

Laser Trimmed to +0.5°C Calibration Accuracy (AD590M) 
Excellent Linearity: t0.3°C Over Full Range (ADS90M) 
Wide Power Supply Range: +4V to +30V 

Sensor Isolation from Case 

Low Cost 


PRODUCT DESCRIPTION 

The AD590 is a two-terminal integrated circuit temperature 
transducer which produces an output current proportional to 
absolute temperature. For supply voltages between +4V and 
+30V the device acts as a high impedance, constant current 
regulator passing 14:A/K. Laser trimming of the chip’s thin film 
resistors is used to calibrate the device to 298.24A output at 
298.2K (4+25°C). 


The AD590 should be used in any temperature sensing applica- 
tion below +150°C in which conventional electrical tempera- 
ture sensors are currently employed. The inherent low cost of 
a monolithic integrated circuit combined with the elimination 
of support circuitry makes the AD590 an attractive alternative 
for many temperature measurement situations. Linearization 
circuitry, precision voltage amplifiers, resistance measuring 
circuitry and cold junction compensation are not needed in 
applying the AD590. 


In addition to temperature measurement, applications include 
temperature compensation or correction of discrete compo- 
nents, biasing proportional to absolute temperature, flow rate 
measurement, level detection of fluids and anemometry. The 
AD590 is available in chip form making it suitable for hybrid 
circuits and fast temperature measurements in protected en- 
vironments. 


The AD590 is particularly useful in remote sensing applica- 
tions. The device is insensitive to voltage drops over long lines 
due to its high impedance current output. Any well-insulated 
twisted pair is sufficient for operation hundreds of feet from 
the receiving circuitry. The output characteristics also make 
the ADS590 easy to multiplex: the current can be switched by 
a CMOS multiplexer or the supply voltage can be switched by 
a logic gate output. 


*Covered by Patent No. 4,123,698 


Information furnished by Analog Devices is believed to be accurate 
and reliable. However, no responsibility is assumed by Anslog Devices 
for its use; nor for any infringements of patents or other rights of third 
parties which may result from its use. No license is granted by implica- 
tion or otherwise under any patent or patent rights of Analog Devices. 
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PRODUCT HIGHLIGHTS 


1. The ADS590 is a calibrated two terminal temperature sensor 
requiring only a dc voltage supply (+4V to +30V). Costly 
transmitters, filters, lead wire compensation and lineariza- 
tion circuits are all unnecessary in applying the device. 

2. State-of-the-art laser trimming at the wafer level in conjunc- 
tion with extensive final testing insures that AD590 units 
are easily interchangeable. 


3. Superior interference rejection results from the output 
being a current rather than a voltage. In addition, power 
requirements are low (1.5mW's @ 5V @ +25 °C). These 
features make the AD590 easy to apply as a remote sensor. 


4. The high output impedance (> 10M®) provides excellent 


rejection of supply voltage drift and ripple. For instance, 
changing the power supply from 5V to 10V results in only 
a 1A maximum current change, or 1 °C equivalent error. 


5. The AD590 is electrically durable: it will withstand a 
forward voltage up to 44V and a reverse voltage of 20V. 
Hence, supply irregularities or pin reversal will not damage 
the device. 


One Technology Way; P. O. Box 9106; Norwood, MA 02062-9106 U.S.A. 
Tel: 617/329-4700 Twx: 710/394-6577 
Telex: 174059 Cables: ANALOG NORWOODMASS 


OUTLINE DIMENSIONS 
AND PIN DESIGNATIONS 
Dimensions shown in inches and (mm). 


TO-52 PACKAGE: DESIGNATION “H” 


0.209 (5.31) 


0.06 (1.27) 0.23 (60a) CA 
0.1 (2.54) 0.195 (4.95) 
0-178 (4.52) OA 9.116 12.92) 
0.036 (0.91) & 0.06 (1.27) 
me oe 0.5 (12.7) 
0.015 (0.38) 5 (12. 
0.019 10.48) O14 MIN 
0.028 (0.71) 
0.048 (1.22) 
BOTTOM VIEW 
+ CAN 


The 590H has 60 inches of gold plating on its Kovar leads and 
Kovar header. A resistance welder is used to seal the nickel cap 
to the header. The AD590 chip Is eutectically mounted to the 
header and ultrasonically bonded to with 1 MIL aluminum 
wire. Kovar composition: 53% iron nominal; 29% £1% nickel; 
17% +1% cobalt; 0.65% manganese max; 0.20% silicon max; 
0.10% aluminum max; 0.10% magnesium max; 0.10% zirco- 
nium max; 0.10% titanium max; 0.06% carbon max. 


POSITIVE 
Le 
INDICATOR 


0.017 20.002 
(0.43 20.05) 
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FLAT-PACK PACKAGE: DESIGNATION “F”’ 


The 590F is a ceramic package with gold plating on its Kovar 
leads, Kovar lid, and chip cavity. Solder of 80/20 Au/Sn com- 
position is used for the 1.5 mil thick solder ring under the lid. 
The chip cavity has a nickel underlay between the metalization 
and the gold plating. The AD590 chip is eutectically mounted 
in the chip cavity at 410°C and ultrasonically bonded to with 
1 mil aluminum wire. Note that the chip is in direct contact 
with the ceramic base, not the metal lid. 


THE AOD690 {S$ AVAILABLE IN LASER-TRIMMED CHIP 
FORM; CONSULT THE CHIP CATALOG FOR DETAILS. 


Metalization Diagram 
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CIRCUIT DESCRIPTION’ 

The AD590 uses a fundamental property of the silicon tran- 
sistors from which it is made to realize its temperature propor- 
tional characteristic: if two identical transistors are operated 
at a constant ratio of collector current densities, r, then the 
difference in their base-emitter voltages will be (kT/q)(In r). 
Since both k, Boltzman’s constant and q, the charge of an 
electron, are constant, the resulting voltage is directly propor- 
tional to absolute temperature (PTAT). 


In the AD590, this PTAT voltage is converted to a PTAT cur- 
rent by low temperature coefficient thin film resistors. The 
total current of the device is then forced to be a multiple of 
this PTAT current. Referring to Figure 1, the schematic dia- 
gram of the AD590, Q8 and Q11 are the transistors that pro- 
duce the PTAT voltage. R5 and R6 convert the voltage to 
current. Q10, whose collector current tracks the collector 
currents in Q9 and Q11, supplies all the bias and substrate 
leakage current for the rest of the circuit, forcing the total 
current to be PTAT. RS5 and R6 are laser trimmed on the 
wafer to calibrate the device at +25°C. 


Figure . 2 shows the typical V—! characteristic of the circuit 
at +25°C and the temperature extremes. 


Figure 1. Schematic Diagram 
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423 so'c 
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SUPPLY VOLTAGE 


Figure 2. V—I Plot 


‘For a more detailed circuit description see M.P. Timko, “A Two- 
Terminal IC Temperature Transducer,”’ IEEE J. Solid State Circuits, 
Vol. SC-11, p. 784-788, Dec. 1976. 
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SP ECIF ICATIONS (@ +25°C and V,=5V unless otherwise noted) 


Model ADS590I AD590J 
Min Typ Max Min Typ 


ABSOLUTE MAXIMUM RATINGS 
Forward Voltage (E+ to E—) 
Reverse Voltage (E+ to E — ) 
Breakdown Voltage (Case to E + or E—) 
Rated Performance Temperature Range! 
Storage Temperature Range! 
Lead Temperature (Soldering, 10 sec) 


POWER SUPPLY 
Operating Voltage Range 


OUTPUT 
Nominal Current Output @ + 25°C (298.2K) 
Nominal Temperature Coefficient 
Calibration Error @ + 25°C 
Absolute Error (over rated performance 
temperature range) 
Without External Calibration Adjustment 
With + 25°C Calibration Error Set to Zero 
Nonlinearity 
Repeatability” 
Long Term Drift? 
Current Noise 
Power Supply Rejection 
+4V<Vss+5V 
+5V<Vs< + 15V 
+ 15V<Vs5< + 30V 
Case Isolation to Either Lead 
Effective Shunt Capacitance 
Electrical Turn-On Time 
Reverse Bias Leakage Current* 
(Reverse Voltage = 10V) 


NOTES 

'The AD590 has been used at — 100°C and + 200°C for short periods ‘Leakage current doubles every 10°C. 

of measurement with no physical damage to the device. However, Specifications subject to change without notice. 

the absolute errors specified apply to only the rated performance Specifications shown in boldface are tested on all production units at final 

temperature range. electrical test. Results from those tests are used to calculate outgoing quality 

?Maximum deviation between + 25°C readings after tempera- levels. All min and max specifications are guaranteed, although only those ° 
ture cycling between — 55°C and + 150°C; guaranteed not tested. shown in boldface are tested on all production units. 

3Conditions: constant +5V, constant + 125°C; guaranteed, 

not tested. 


K +223° +273° +298° +323° +373° +423° 
°c -50° 0° +25° = +50° +100° +150° 
‘ 
pr 3 
i] 
°F -100° oe | ' +100° +200° +300° 
32° 70° 212° 


TEMPERATURE SCALE CONVERSION EQUATIONS 


"C= 3-CF -32) K = °C 4273.15 
°F = 3° +32 °R = °F 4459.7 


Appendix C 
Vernier Software Products 


Vernier Software has been publishing science software for the Apple computer since 1981. We have 
recently published our first IBM programs and we have additional IBM programs planned. The 
following is a list of products available. If you are interested in receiving a complete catalog of 
Vernier Software products, write or call: | 
Vernier Software 
2920 S.W. 89th Street 
Portland, OR 97225 
(503) 297-5317 


Book for the Apple Il 


0 How to Build a Better Mousetrap and 13 Other Science Projects Using the 

Apple® II: This 227-page book includes 14 science projects for students (or teachers) who want to 
learn about laboratory interfacing via the Apple II Plus/Ile/IIGS game port. The projects are aimed at 
students who have minimal experience with computers or electronics. Step-by-step instructions are 
provided for the assembly of the electronic circuits that all connect to the game port. A disk of sample 
programs is included to allow you to try out each project. $24.95 . 


Projects: 
¢ Photogate Timer ¢ IC Temperature Input ¢ Strain Gage 
¢ Reaction Time ¢ Voltage Monitor ¢ Optically-Isolated Switches 
¢ Microphone/Amplifier ¢ Thermocouple ¢ Computer-Controlled Car 
¢ Humidity Meter ¢ pH Meter ¢ Stepper Motor 
¢ Resistance/Capacitance Meter ¢ A Better Mousetrap 


Software and Hardware for the Apple Il 


0 VOLTAGE PLOTTER III: Allows the Apple to be used as a general purpose voltmeter or chart 
recorder. With the Advanced Interfacing Board, an oscilloscope mode turns the computer into a data- 
recording oscilloscope (22,000 samples/sec). The accompanying manual describes additional circuits 
that allow monitoring of pH, force (with strain gages) and temperature (with thermocouples). 
Includes a 93-page manual. $39.95 


VOLTAGE PLOTTER III requires one of the following hardware devices: 
¢ Voltage Input Unit: Connects to the Apple game port. $40.00 assembled or $30.00 parts kit 
¢ Advanced Interfacing Board: A 12-bit, 8-input analog-to-digital converter board that plugs into 
one of the slots inside an Apple II Plus, Ile or IGS. $225.00 


0 GRAPHICAL ANALYSIS II: Plots well-labeled graphs of experimental data. After data is 
entered, modified versions of the graph (e.g., with the x-axis data squared before plotting) may be 
quickly drawn to help in the search for the relationship between the variables. Semi-log and log-log 
graphs can be made. The linear regression "best fit" line can be included on the graph. Graphs may 
be printed. Data files can be transferred to and from AppleWorks. Includes 50-page manual. $29.95 


& PRECISION TIMER III: Turns the Apple into a laboratory timer. Measures times to 0.1 
millisec in 13 different timing modes. Time data is collected and the computer can help analyze it. 
Times may be displayed in large block digits, saved on disk, or graphed. Used with PASCO 
scientific photogates or with homemade photogates. Complete instructions for building a 3-photogate 
system are included in the program's 68-page manual. $39.95 


¢ Apple II+/Ie/IIGS 3-photogate parts kit...... $40.00 
¢ Apple IIc 2-photogate parts kit ...............4. $35.00 


TEMPERATURE PLOTTER JIT A pendix C 
) FREQUENCY METER III: Allows the Apple to be used as a general purpose audio-range 
frequency meter in the laboratory. Frequency readings may be displayed in large digits or saved in a 


data table in memory. Several special options are included to help demonstrate the physics of music. 
Includes a 44-page manual and a fife (a simple musical instrument). $39.95 


FREQUENCY METER III can be used with a microphone and tape recorder connected to the Apple 
IIe or Apple II Plus cassette input port. No other hardware is required. Alternatively, the program 
can be used on any Apple II with a microphone/amplifier circuit available in a parts kit for $15.00 or 
assembled for $30.00. 


® MILLIKAN OIL DROP EXPERIMENT: Millikan's oil drop experiment is one of the classic 
physics experiments of this century. Unfortunately, it is also a very difficult experiment to do as a 
laboratory exercise in an introductory physics class. This program enables students to simulate the oil 
drop experiment as nearly as possible without the frustrations of the actual experimental apparatus. 
High-resolution graphics display a microscope view of the area between the charged plates. Students 
can inject a new drop, control the voltage with keystrokes and measure the velocity of the drop. The 
41-page manual includes instructions for students (which can be duplicated) and an extensive 
Teacher's Guide with sample results and suggestions for running a successful experiment. $29.95 


0 VECTOR ADDITION III: Graphically demonstrates the head-to-tail addition of vectors. 
Magnitudes and directions are input; the vectors and their resultant are drawn. Numerical values of 
the resultant and the components are also calculated. Includes a 20-page manual. $24.95 


0 RAY TRACER: Uses Apple high-resolution graphics to illustrate the principles of geometrical 
optics. Reflection, refraction, Snell's Law, total internal reflection, image formation with lenses and 
miurrors, dispersion, and spherical and chromatic aberration may all be demonstrated. May be used as 
a lecture demonstration aid or as an educational game. Includes a 19-page manual. $24.95 


0 ORBIT I: Simulates the motion of an earth satellite. Students are presented with a series of 
challenges. They control launch angle and speed and may use thruster rockets to alter the orbital path 
in the attempt to accomplish the task. Includes a 23-page manual. $24.95 


& CHARGED PARTICLES II: Simulates the motion of various charged particles in magnetic 
and electric fields. A series of challenges is presented for student solution. Many important concepts 
of electromagnetism may be explored. The 27-page manual includes student worksheets. $24.95 


0 PROJECTILES I: Allows students to experiment with projectile motion, including the effects 
of air resistance and wind. Launch may be from ground level or from the top of a cliff. Moving 
targets are sometimes used to make the calculation of the correct inputs more difficult. Includes a 
21-page manual. $24.95 


0 WAVE ADDITION II: Graphically demonstrates the superposition of waves. Various 
phenomena such as interference, beats, the "shaping" of waves by the addition of harmonics and 
Fourier synthesis can be demonstrated. Includes an 18-page manual. $24.95 


0 KINEMATICS II: Students control the starting speed, acceleration and elapsed time for the 
motion of a truck that moves across the screen. They attempt to cause the truck to move according to 
abana ie parameters. Student results may be saved in a file for teacher use. Includes an 18-page 
manual. $24.95 


0 GAME PORT EXTENDER: With our Game Port Extender for your Apple II+/Ile/IIGS, you 
will never have to get inside the computer to connect devices to the 16-pin game port. The extender is 
18 inches (45 cm) long with a "zero insertion force" (ZIF) 16-pin socket on the end. $16.00 
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Software and Hardware for IBM-Compatible Computers 


& PRECISION TIMER (MS-DOS® VERSION): Turns the IBM PC or the IBM-compatible 
computer into a laboratory timer. Measures times to 0.1 millisec in 20 different timing modes. 
Requires 256K (320K if Hercules graphics are used), CGA or Hercules graphics, and a game port. 
Use with homemade photogates or with PASCO scientific IBM PC interfaces. Complete instructions 
for building a 4-photogate system are included in the program's 58-page manual. $39.95 


¢ IBM 4-photogate parts kit........ $60.00 
¢ IBM game port card............... $30.00 


© GRAPHICAL ANALYSIS (MS-DOS® VERSION): Plots well-labeled graphs of 
experimental data. After data is entered, modified versions of the graph (e.g., with the x-axis data 
squared before plotting) may be quickly drawn to help in the search for the relationship between the 
variables. Semi-log and log-log graphs can be made. The linear regression "best fit" line can be 
included on the graph. Graphs may be printed. Data files created can be transferred to and from 
Lotus 1-2-3 or Microsoft Works. Requires 256K (320K if Hercules graphics are used) and CGA or 
Hercules graphics. Includes a 43-page manual. $29.95 


© MILLIKAN OIL DROP EXPERIMENT (MS-DOS® VERSION): Millikan's oil drop 
experiment is one of the classic physics experiments of this century. Unfortunately, it is also a very 
difficult experiment to do as a laboratory exercise in an introductory physics class. This program 
enables students to simulate the oil drop experiment as nearly as possible without the frustrations of 
the actual experimental apparatus. High-resolution graphics display a microscope view of the area 
between the charged plates. Students can inject a new drop, control the voltage with keystrokes and 
measure the velocity of the drop. The 41-page manual includes instructions for students (which can 
be duplicated) and an extensive Teacher's Guide with with sample results and suggestions for running 
a successful experiment. Requires 256K and CGA or Hercules graphics. $29.95 


® FREQUENCY METER (MS-DOS® Version): Allows the IBM to be used as a general 
purpose audio-range frequency meter in the laboratory. Frequency readings may be displayed in large 
digits, printed, graphed, edited, or saved on a disk. Several special options are included to help 
demonstrate the physics of music. Includes a 61-page manual and a fife (a simple musical 
instrument). A Vernier Software Microphone/Amplifier ($30.00 assembled or $15.00 parts kit) is 
used to deliver the signal to the game port . Requires 256K, CGA or Hercules graphics, a 
Microphone/Amplifier and a game port. $39.95 


67 


@ 


